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PREFACE 

One bright wag once defined a valve as a “mechanical cork ! 

The framing of a better definition might prove difficult since the 
above certainly conveys the right idea despite its crudeness. Some 
improvement might be effected by stating that a stop valve, for 
example, is a “mechanically operated stopper for controlling the 
flow of liquids or gases.” This is certainly more in accordance 

with the phraseology of Patent Specifications. 

Engineers will not require enlightenment as to what is meant by 
a valve. What they may require, perhaps, is enlightenment in the 
underlying principles of design and the function of some particular 
type. 

Not every valve, however, is a “stopper” in the strict sense of the 
word; some valves have an entirely different function to perform 
and in these pages will be found references to various boiler fittings 
which cannot be classed as valves but which perform equally 
important duties. 

The detail design of valves and kindred equipment is a subject 
which does not appear to have engaged the attention of writers, 
apart from occasional articles in the technical Press, for some of 
which the author has been responsible. Many requests having been 
received for a single work of reference on the subject explain the 
appearance of this volume. It will be appreciated that a recapit¬ 
ulation in toto of the author’s contributions on the subject was most 
undesirable; the work called for something more than a “rehash” 
of material already presented since new problems in design and 
application are constantly arising. 

The dearth of literature on valve design may be attributed to the 
mistaken notion prevalent in some circles that valve scantlings can 
be determined by eye or rule of thumb (two most unreliable tools) 
without even a modest display of mathematical exploration, but the 
“mechanical cork” can frequently present the designer with an 
assortment of problems in applied mechanics. Outwardly devoid 
of much resemblance to. a machine, a valve might easily fail to stir 
the mathematician’s interest until some unexpected failure occurs 
or some unusual problem in fluid control manifests itself. 

Acknowledgment is made to the following firms for their assistance 
in the supply of illustrative matter 

The Audley Engineering Co. Ltd., Newport, Shropshire. 

Messrs. Bells Asbestos & Engineering Co. Ltd., Slough. 
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Messrs. Cockburns, Ltd., Cardonald, Glasgow. 

Messrs. Crosby Valve and Engineering Co. Ltd., Wembley. 

Messrs. Dewrance & Co. Ltd., London. 

The Edward Valve Inc., East Chicago, U.S.A. 

Messrs. Hopkinsons Lid., Huddersfield. 

Messrs. Richard Klinger & Co. Ltd., Sidcup. 

Messrs. Newman, Hender & Co. Ltd., Woodchester. 

Messrs. R. L. Ross & Co. Ltd., Stockport. 

Messrs. Ronald Trist & Co. Ltd., Slough. 

The National Boiler & General Insurance Co. Ltd., Manchester, 
and to the Editors of The Mechanical World & Engineering Record , 
The Steam Engineer , The Industrial Heating Engineer , and Compressed 
Air & Hydraulic Engineering for kind permission to make extracts 
from the Author’s past contributions to these Journals. 

Acknowledgment is also due to my wife for her encouragement 
throughout the compilation and for her invaluable assistance in 
checking the MS. 

Also, that this work has even been completed is largely due to 
the enthusiasm and energy of my Secretary, Margaret Whitson, 
whose desire to see the work in print was ever a great incentive to 
sustained effort. Her assistance in typing what must have been a 
very difficult MS. is beyond assessment. 

I also take this opportunity of recording my grateful thanks to 
Jean A. Bird, B.Sc. (Eng.), for her neat execution of some of the 
graphs, to Mr. P. Field Foster, B.Sc. (London), M.Sc. (Wales), 
A.M.I.Mech.E., Wh.Ex., for kind permission to include the results 
of some of his researches on the behaviour of cylinders of non¬ 
circular section under internal pressure, to Mr. E. M. Bywell, 
Curator of the Railway Museum, York for his gift of photographs 
illustrating Hackworth’s first safety valves, to Dr. Ing. Guido 
Ucelli, President of the Museo Nazionale Della Scienza e Della 
Tecnica, Milan and Managing Director of S.AZ. Costruzioni 
Meccaniche Riva, Milan, for his gift of photographs illustrating 
the stop cock which he salvaged from Emperor Caligula’s first 
galley, to the Secretary of the British Standards Institution for his 
kind permission to draw freely upon those British Standard Speci¬ 
fications having a bearing upon the work; last but not least to those 
many friends and acquaintances who, by their sincere encourage¬ 
ment, have been a constant inspiration during the process of 
compilation. G. H. P. 
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CHAPTER i 


INTRODUCTORY 

The origin of valves is lost in antiquity. Any device which enables 
an aperture to be opened or closed for the purpose of controlling 
fluid flow may be deemed to be a valve, however crude may be 
the manner in which this is effected. When man contrived to 
fashion mechanical devices to meet his everyday needs and to 
administer to his comforts he must have been confronted with the 
problem of devising valves in some form or another. Early workers 
in metals found that a blast of air was essential to the melting 
process; thus the bellows was born. The fundamental idea of the 
bellows was conceived by different peoples, despite their separation 
by the oceans and other impenetrable natural barriers. 

Thomas Ewbank in his Hydraulic and other Machines for Raising 
Water , published in 1847, writing on the subject of bellows states 

“But by far the most important improvement on the primitive 
bellows or bag was the admission of air by a separate opening , a 
contrivance that led to the invention of the valve , one of the 
most essential elements of hydraulic, as well as pneumatic, 
machinery. . . . Now a forcing pump is merely a syringe 
with an additional orifice for the liquid’s discharge and having 
both its receiving and discharging orifices covered by valves 
or clacks. Ctesibius,* therefore, did not invent the piston and 
cylinder, nor was he the first to discover the application of 
these to force water, for they were in previous use for that 
, purpose. Was he the inventor of valves? No, for they were 
used before he lived, and appear always to have been an 
essential part of those instruments. They were employed in 
clepsydra (water clocks) and were most likely used in the 
hydraulic organ of Archimedes. . . . ” 

The earliest valves probably comprised a leather flap arranged 
to cover and uncover an aperture alternately, particularly in 

* Maunder's Biographical Treasury published by Longman, Brown, Green, and 
Longmans, London, in 1850, gives the following reference 

“ Ctesibius , of Alexandria, an eminent mathematician. He is said to have 
invented the pump; and he constructed a clepsydra, or water-clock, in which 
the moving power was a falling column of water. A work of his entitled Geodesia , 
or the Art of dividing and measuring Bodies , is to be found in the Vatican Library. 
He flourished in the 165th Olympiad, or about 120 b.c.” 
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pumping or bellows mechanisms, where regular opening and 
closing was an essential requirement (non-return valves). It is 
probable that the cock came very much later in man’s development, 
say when the necessity for controlling liquids became urgent, and 
the earlier models were of wood, giving way to metals as progress 
was made in the craft of metal working. 

According to Horus Apollo (or Horapollo),* an Egyptian of the 
fourth century a.d., the priests of that time were wont to give the 
forms of a lion to “the mouths and stops” (cocks) of consecrated 
fountains because the inundation of the Nile occured when the sun 
was in Leo. The early workers in metal, cast or wrought, were 
prone to ornament their handiwork, various devices being commonly 
fashioned to represent human or animal form. Thus the cock gets 
its name from the male fowl of that name since it was customary to 
fashion the termination of the plug into the head and comb of this 
bird, the water issuing from its beak. 

Bronze or brass cocks were common in Ancient Rome where the 
more wealthy were accustomed to provide themselves with baths 
and fountains, and some device for controlling the flow of water was 
essentia!. From Vetruvius we learn that every main pipe passing 
hrough the street had a large cock by which water was “let in or 
excluded and these cocks were manipulated by means of an iron 
key much in the same way as they are to-day. Several specimens 
of ancient cocks are still in existence amongst which may be cited the 
one discovered in the ruins of a temple built by Tiberius at Capri 
and preserved in the museum at Naples. This fine example was 
found attached to a reservoir but the method of attaching it to the 
connecting pipes is open to speculation. The upper termination of 
the plug is interesting and might be copied with advantage in 
present-day examples; it consists of a renewable member dove¬ 
tailed into the top of the barrel and arranged to receive a tommy- 
barf. Most cocks fail by shearing of the squared termination of the 
plug intended to receive the operating key but the Romans antici¬ 
pated this weakness by making the termination renewable. 

Plate I and Fig. i.i depict a very fine example of an early Roman 
bronze cock of unusual interest. This cock was taken out of 


I Z^l aUnder r S B i°S ra ? hic i Treasury, published by Longman, Brown, Green, and 
Longmans, London, in 1851, gives the following reference 

“Horapollo or Horus Apollo , a grammarian of Panoplus, in Egypt in the fourth 
century, who taught first m Alexandria, and next in Constantinople. There 
are extant under his name two books concerning the hieroglyphics of the 

qSonable^ 1111 ^ “ by AWus ’ in I5 ° 5, but their authenticity is 

t The plug termination is similar to that shown in Fig. 1.1. 
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Emperor Caligula’s first galley, salvaged from the bottom of Lake 
Nemi in July, 1929. Caligula was born in 12 a.d. and was Emperor 
from 37 to 41 a.d. Despite this particular cock’s immersion for 
close on 2,000 years the surfaces of the body and the plug were 
excellently preserved, being ground as smooth as glass, and the 
opinion has been expressed that the finish could scarcely be excelled 

to-day. 

With the advent of the steam age little or no thought appears to 
have been lavished—or apparently considered necessary—on the 



Fig. 1.1 


earlier designs of steam stop valves, if the scant illustrations of early 
fittings are any criterion, and leakage at the seatings and elsewhere 
must have been common. It must be remembered that steam 
pressures were low in the earlier boilers, about 10 lb/in. 2 in the 
early part of the last century. 

It was not until about 1850 that as a result of long awaited 
improvements in materials and processes—and the necessity for a 
wider appreciation of the underlying principles of design became 
apparent—any really serious attempts were made to improve the 
design of the valves themselves, as distinct from that of the boiler. 

The appalling frequency with which one boiler accident followed 
another at this particular period prompted the formation (in 1885) 
of the Association for the Prevention of Steam Boiler Explosions and for 
Effecting Economy in the Raising and Use of Steam whose aim—as its 
lengthy title implies—was to protect users against the dangers of 
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installing faulty, ill-designed pressure vessels. This title was subse¬ 
quently modified to the Manchester Steam Users' Association for the 
Prevention of Boiler Explosions and for the Attainment of Economy in the 
Application of Steam, but it was more generally referred to by the 
shorter and more convenient appellation, the M.S.U.A . 

In 1859 the Steam Boiler Assurance Company , later known as the 
Vulcan Boiler and General Insurance Co. Ltd., was established. In 1864 
the National Boiler Insurance Co. was established, later known by its 
present title the National Boiler & General Insurance Co. Ltd. In 1878 
came the Engine and Boiler Insurance Co., later known as the British 
Engine, Boiler & Electrical Insurance Co. Ltd., and in 1881 the Scottish 
Boiler Insurance & Engine Inspection Co., whose present title is the 
Scottish Boiler General Insurance Co. Ltd. The Manchester Steam 
Users' Association was merged into the British Engine & Boiler & 
Electrical Insurance Co. Ltd., about 1932. 

These various bodies prescribed rules governing the design of 
boilers, pressure vessels and their attendant mountings and valves. 
Certain equipment, notably for marine applications, must comply 
in some respect or another with the rules prescribed by the Board 
of Trade. Incidentally the Board of Trade institute an inquiry 
whenever anything in the nature of an accident resulting in fatal 
or serious bodily injury occurs. Designers, therefore, would be 
well-advised to make themselves conversant with the Board of 
Trade rules in so far as their own personal responsibility is concerned. 

It was not until 1937 that the British Standards Institution 
(formerly the British Engineering Standards Association) drew up a 
specification (B.S. 759) outlining the essential requirements for 
valves for land boiler installations. This publication is not a treatise 
on design but various formulae are included, mainly in connexion 
with safety valve areas and safety valve springs. Subsequent B.S. 
publications having a bearing on this subject are B.S. 1123:1943, 
Valves, Gauges and other Safety Fittings for Air Receivers and Compressed 
Air Installations and B.S. 1218:1945, Sluice Valves for Waterworks 
Purposes; B.S. 1414:1949, Flanged Steel Outside-screw-and-yoke Wedge 
Gate Valves for the Petroleum Industry; B.S. 1570:1949, Flanged Steel 
Plug Valves for the Petroleum Industry; B.S. 1735:1951, Flanged Cast 
Iron Gate Valves Classes 125 and 250 for the Petroleum Industry. Other 
publications bearing on the subject are in prospect or in course of 
preparation. 

The foregoing may serve to show that there has been more 
thought expended on valve design than is believed in some circles, 
even by engineers. At the same time there must be many who rely 
on intuitive guesswork. This might give reasonably satisfactory 
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results in the hands of a valve designer of many years’ experience, 
especially one able to draw upon many successful designs, but 
exploited by a less experienced man might occasion much disquiet. 

That finality in design has been reached in even such a relatively 
simple piece of apparatus as the common stop valve is questionable; 
each advance in steam engineering brings its fresh problems and 
the ideal valve has yet to be designed. In the realms of high pressure 
and/or temperature applications will be found the greatest outlet 
for the designer’s skill and adaptability and much to encourage the 
research engineer. 

Makers who pride themselves on the quality and performance 
of their products are the first to recognize the necessity of testing 
their fittings under actual conditions. It is not always convenient or 
expedient to carry out such researches on valves which have left 
the makers’ works and been put into service; instead, it is preferable 
for the maker to simulate actual working conditions in his own 
research laboratory. Plates III and IV illustrate what is being done 
in this direction. Plate III depicts the test-rig for investigating flow 
turbulence in the case of a new streamlined model of an Edward 
globe valve, employing a full-scale half-sectional model. Pins 
bearing yarn streamers are stuck into the plastic of which the test 
body is composed, the latter being then frozen in the desired 
contours and sealed off with a thick transparent plate. By means of 
an air current blown through the model, the streamers give an 
accurate indication of the flow path and indicate any points at 
which turbulence or restriction of flow is experienced. This is of 
great assistance to the designer who may then modify his original 
plans so as to provide the ideal body contour. The value of 
such preliminary investigations prior to embarking upon large-scale 
manufacture will be at once apparent. 

Plate IV illustrates an Edward io-in. 900 lb/in. 2 i,ooo°F pattern 

globe type non-return valve (employed as a boiler isolating valve) 

being subjected to a pressure test for the purpose of carrying out 

stress analysis. The equipment used for stress analysis is the Baldwin 

type SR-4 electric strain gauge which is capable of measurino- 

strains of one millionth of an inch. This analysis is made subsequent 

to a^ preliminary overall valve body stress analysis making use of 

the “stresscoat” brittle lacquer method. In the background will 

be noticed the Edward air-flow pressure-drop testing equipment 

for measuring the pressure differential across the valve which will 

accurately record pressure changes as minute as one hundredth of 
a pound per square inch. 

The operator depicted on the extreme left of the photograph is 
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applying a bending load to the adjacent connecting pipe by means 
of a hand pump, thus simulating actual line stresses whilst the 
operator manipulating the valve handwheel is simultaneously 
applying a closure force. The companion on his left is applying an 
internal fluid pressure to the valve and the operator on the extreme 
right is measuring the resulting strains with the Baldwin strain 
gauge equipment previously described. 

The foregoing will serve to illustrate the care which is taken by 
at least one valve manufacturer to establish the fullest possible 
data to serve as a basis for design. With valves, as with other 
mechanical devices, intricacy and complexity bring their own 
problems. High temperatures often militate against the adoption 
of anything but the simplest mechanisms. Complication must be 
avoided in a mechanism which cannot possibly be lubricated. 

These introductory remarks should amply demonstrate that valve 
design is not lacking in problems or devoid of interest. How far 
this interest may be stimulated will be ascertained in the chapters 
which follow. 



CHAPTER 2 


COCKS 

By far the simplest device ever conceived for the manual control of 
fluid flow is the common stop cock. To whom credit is due for its 
invention is lost in antiquity and its origin must be ascribed to those 
communities alive to the necessity of conveying their drinking 
water in pipes as distinct from the alternative of repeated perambu¬ 
lations with pitchers or similar vessels with which to replenish 
their supplies, a task which would appear to have been the sole 
prerogative of the womenfolk of those times, judging by the evidence 
exhibited in early Egyptian artistry, whether in admiration of their 
skill or poise it is difficult to decide. 

It is equally difficult to decide whether it was man or woman 
(probably the latter) who prompted the idea of conveying water in 
pipes or conduits, as distinct from the alternative irksome and 
precarious mode of conveyance referred to, or whether it was the 
outcome of much heated argument between the two. At all events 
something apparently had to be done in the matter by one party or 
the other, or both, and the fact that a certain Sarah Dixon, on the 
untimely death of her husband, John Dixon, undertook the sole 
management of his business in Leeds devoted to the exploitation of 
his patent granted in 1822 for “Certain Improvements on Cocks,” 
is scarcely admissible as evidence of woman’s interest in labour- 
saving devices having only manifested itself within comparatively 
recent times. 

It is somewhat of a paradox that the natural inventiveness in 
man which is usually directed towards reducing manual exertion 
should often result in providing him with additional problems of 
an entirely different nature. The introduction of pipes demanded 
some form of controlling device, to wit, a valve or cock. 

The common cock must have appeared to its inventor to be 
imbued with essentially simple characteristics (as indeed it is) yet 
the problem of maintaining fluid tightness in service must have 
provided him with something more to think about. Perhaps he 
did not worry unduly about a leak or two and there were no tell¬ 
tale meters to bother about. 

The earliest cocks were of wooden construction, examples of 
which are in use at the present time, notably in the beer, wine and 
spirit trade since they are not contamination-prone to any great 

7 
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extent and, being cheap, can be discarded in favour of new ones 
when they are unfit for further use. 

The simplest cock consists essentially of a body and a plug, the 
latter conical in form and arranged to rotate in a complementary 


I 



PLUG IN CLOSED POSITION 



PLUG IN OPEN POSITION 
Fig. 2.1. Ground-plug Cock 

conical hole formed in the body. The plug is provided with a 
transverse port or opening which, by rotation of the plug, may be 
brought into line with similar ports in the body, permitting flow. 
By rotating the plug through 90°, flow is arrested, since the ports 


THREE WAYS OPEN 
NO WAYS CLOSED 


TWO WAYS OPEN 
ONE WAY CLOSED 




TWO WAYS OPEN TWO WAYS OPEN 

ONE WAY CLOSED ONE WAY CLOSED 



ALL WAYS CLOSED 
Fig. 2.2 



TWO WAYS OPEN 
ONE WAY CLOSED 



TWO WAYS OPEN 
ONE WAY CLOSED 




ALL WAYS CLOSED 


ALL WAYS CLOSED 


Fig. 2.3 
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will no longer register. This will be apparent from Fig. 2.1 depicting 
a cock in its simplest form. 

There are many variants of this one basic idea; for example, 
multiway flow may be obtained by arranging the ports in T fashion 
as depicted in Fig. 2.2, this type being generally termed a three-way 


f 



Fig. 2.4 

cock. A similar variant is the three-way cock depicted in Fig. 2.3 
wherein alternative port positions are clearly indicated. In this 
design use is made of L ports situated in the horizontal plane, 
whilst a change of flow from the horizontal to the vertical plane 
(or vice versa) may be provided by inverted L ports, as in Fig. 2.4. 

Thus the cock is a most obliging device, being so readily adaptable 
to provide for multiway flow in a manner which cannot be equalled 
for simplicity by any other member of the valve family. 




COCKS 



Ground-plug Cocks 

From an application point of view, cocks are basically of two 
kinds (apart from the numerous alternative port arrangements); 



Fig. 2.5. Asbestos-packed Cock 


they are either of the ground-plug (metal-to-metal) pattern, or they 
are asbestos-packed. Ground-plug cocks are those in which the plug 
is in intimate metallic contact with the body at every point on its 
mating surface (Fig. 2.1) whilst asbestos-packed cocks are those in 
which the plug is arranged to bear only on the surface of the asbestos 
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packing stemmed into grooves formed in the cavity of the body 
(Figs. 2.5 and 2.6). The latter type is intended primarily for steam 
service whilst the simpler ground-plug type is more usually employed 
for the less arduous duties of air or liquid control, although tars 
and viscous substances—even cement slurry—are often controlled 
by cocks of the ground-plug pattern. 

PACKING 



PACKED GROOVE ENCIRCLING 
EACH PORT-WAY 


Fig. 2.6. Section of Asbestos-packed 
Cock showing Packing Grooves 

Notwithstanding the wide diversity of patterns employed, the 
ideal included angle of taper of the plug for all types of cocks is io°. 
This has been found to give the most satisfactory compromise since 
too slow a taper will promote seizing of the plug and the body, 
rendering the cock difficult to operate, whilst a quick taper will 
offer no resistance to the lifting effect of the line pressure acting on 
the unbalance area of the plug. 

Since it is somewhat difficult to match a given taper, the ideal 
combination is that in which the body cavity and the plug are both 
turned in the same lathe and special lathes are available designed 
solely for this particular line of manufacture. 

The plugs of ground-plug cocks may be prevented from lifting 
under the influence of the line pressure, or from other causes, in 
various ways; they may be restrained by means of a holding-down 
plate abutting against a shoulder formed on the plug, as shown in 
Fig. 2.7 (a), by means of a screwed ferrule or gland, also abutting 
against a packing ring interposed between the ferrule and a shoulder 
formed on the plug as in Fig. 2.7 ( b ), or by means of a nut and 
washer arrangement at the base of the plug, as in Fig. 2.7 (c). The 
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latter is a neater arrangement and one much favoured, although in 
this example the bearing surfaces between the washer and the body 



(b) (c) (d) 

Fig. 2.7 


must be ground-in to ensure a seal being made. The washer plate 
must be arranged to rotate in unison with the plug and this is 
effected by arranging a square hole in the washer plate to engage 
a squared shoulder on the plug. Alternatively, the hole and shoulder 






14 


THE DESIGN OF VALVES AND FITTINGS 


may be ogee shaped (Fig. 2.7 (d)). Were this proviso ignored, and 
a circular hole employed, repeated operation of the cock would 
tend to slacken or tighten the base nut. The latter, for preference, 
should be secured against relative rotation by a split pin or other 
approved fastening. 

Asbestos-packed Cocks 

We have seen that a disadvantage of the plug cock is that the 
plug is apt to become jammed, generally as a result of infrequent 
operation, and this constitutes something of a danger since it is not an 
uncommon occurrence for the shank of the plug to shear as a result 
of excessive force being applied in a vain effort to rotate the plug. 

Clause 5 of B.S. 759: 1950 (Valves, Gauges and Similar Fittings 
for Land Boiler Installations) states: The bodies of cocks 1 in. bore and 
over shall be packed with asbestos or other heat-resisting packing and shall 
have provision , other than the gland , for securing the plug. The clause 
refers specifically, of course, to cocks destined for steam service. It 
is customary (and should be obligatory, if adherence to the fore¬ 
going clause is rigorously observed) for the bodies of cocks to be 
asbestos-packed, that is to say, they should include an arrangement 
of grooves within the body as depicted in Fig. 2.6 (and also in Fig. 
2.5) each groove encircling the ports and stemmed with shredded 
asbestos packing. In cocks destined for steam service indurated 
packing should be employed, this being a type of packing which is 
self-vulcanizing under the influence of the heat of the steam, although 
it is customary to bake the cocks thus stemmed prior to their leaving 
the maker’s works. 

In a correctly-packed cock the plug should actually be supported 
on the packing itself and not be in metallic contact (although nearly 
so) with the body. It will be appreciated that this makes for easier 
operation. In fact, the asbestos-packed cock represents the most 
practical interpretation of the basic principle of the cock. 

Reverting to Fig. 2.5 it will be appreciated that due to the conical 
form of the plug there will be a tendency for this to lift under the 
influence of the line pressure acting on the difference in exposed 
areas. This tendency will require to be countered in some way 
and is best accomplished by a holding-down plate A (arranged to 
abut against a shoulder conveniently formed on the plug) and two 
holding-down bolts C. The holding-down plate in the design shown 
serves the additional purpose of a locking-guard for preventing 
withdrawal of the operating key D excepting when the cock is in 
the closed position. This feature is in compliance with Clause 35 
of B.S. 759: 1950 which states: . . . Any key or similar device for 
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operating the valve or cock shall be such that it cannot be removed unless the 
valve or cock is fully closed. 

The cover plate E serves only to compress the groove-and-header 
packing F and to seal the body, no reliance being placed on this 
item for holding down the plug B. It will be noted that this design 
features a stuffing box and gland G , rendered essential by the 



Fig. 2.8. Parallel Slide Blow-off Valve 


provision of a small communicating port H permitting ingress of 
steam to the top side of the plug and so wholly or partially counter¬ 
balancing the pressure upthrust on the plug. The plug may be 
removed without disturbing the groove packing (a commendable 
feature). 

Not every steam cock calls for every refinement included in the 
present example; the design portrayed, however, is representative 
of sound practice and despite its apparent complication is devoid 
of superfluous detail. This particular design is sometimes favoured 
as a boiler blow-down cock, particularly in the case of small shell 
boilers, although it is not approved in some circles where the 
preference is for a rack-and-pinion operated valve of the parallel 
slide type, better known as the parallel slide blow-off valve (Fig. 2.8) 
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At all events the cock described complies in every respect with 
Clause 35 of B.S. 759: 1950. 

The practice of making cocks pressure tight by groove packing 
is attributed to Messrs. Dewrance & Co. Ltd., who claim to have 
introduced this method in 1875. A further improvement was the 
introduction of their indurated asbestos packing which is resistant 
to the absorption of water. This packing is self-hardening and 
vulcanizes under working conditions if the steam pressure exceeds 
50 lb/in. 2 Consequently, it should not be used for the stuffing 
boxes of valves or cocks. For the purpose of identification it is 
coloured red. Another form of indurated packing, coloured blue, 
is intended for the stuffing boxes of valves and cocks and does not 
vulcanize. Ordinary white asbestos fibre should not be used for 
packing cocks as it has no pronounced resilience and calls for too 
frequent renewal. 

Of all the devices ever conceived for the control of fluids the cock 
is the one more open to design by eye than by any other means. 
There is so little which lends itself to analytical investigation with 
any hope of reasonable reward; the body is at best an arrangement 
of varying configurations, is subjected to combined stresses resulting 
from the application of pressure and from the wedging effect of the 
plug so that experience and intuitive conjecture must play their 
part in the design of such devices. Also, the plug cannot be designed 
in the strict sense of the word since it is a complicated affair with 
its varying diameters and rapid changes of section. The presence 
of the ports cutting through the zones of greatest stress distribution 
complicates the issue and so it is as well to forsake mathematics in 
favour of judgment backed by experience and with one eye, as it 
were, focused on the machine shop with an occasional glance 
directed towards the foundry. 

Plug Design 

One of the essential requirements in design is that of providing 
at least the same amount of area through the ports as is presented 
by the connecting pipes, or bores, of the cock, although many 
examples fall short of the mark in this respect. Where the design 
of a complete range of cocks is in contemplation it is important to 
adhere to a strictly proportional relationship among the three basic 
dimensions, namely, bore of cock and width and length of ports in 
the plug. In what follows the width and length dimensions are 
taken co-planar with the horizontal and vertical centre lines 
respectively of the cock body; not that this makes much difference 
but it is as well to define clearly the manner in which these 



Fig. 2.10 
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dimensions are taken. In Fig. 2.9 the width w v and the length h v 
are clearly and unmistakably delineated. (For the sake of clarity 
sharp-edged ports are shown and the angle of taper exaggerated.) 

It will be noted that all the inclined surfaces, i.e. outside and 
inside sui faces of the plug and the edges of the ports, converge upon 
the common apex O. It is particularly desirable that the port 
edges should converge upon 0 in this manner and for reasons 
which will be best understood from Fig. 2.9 studied in conjunction 
with Fig. 2.10 in which latter illustration the port edges are 
deliberately arranged parallel to the vertical axis, a most undesirable 
arrangement, as will be apparent later. It will be seen in Fig. 2.9 
that selected points X and T shown in the front elevation lie on the 
straight line XO and remain on the same line XO projected in 
plan view. Consequently, the two lines XO and TO in plan view 
both subtend an angle 6 to the centre line CC'. 

From this we may infer that on any transverse plane (such as 
CC', DD', etc.) containing the port, the ratio of length of contact 
to the complete—or uninterrupted—perimeter of the plug is 
constant on any plane taken normal to the vertical centre line. 
Expressed mathematically, if d x denotes the diameter of the plug 
in a plane containing X {see Fig. 2.9), d y the diameter of the plug 
in a plane containing T, p x the arcuate length of contact of one 
side of the plug in a plane containing X and p y the corresponding 
length in a plane containing T, then 




= constant 


. Eq. 2.1 


where d n is any diameter and p n the corresponding arcuate length- 
This leads us at once to adopt the stratagem of determining the 
requisite port width, amount of cover, etc., on the central plane CC' 
in the knowledge that a similar relationship will obtain for any 
other plane parallel to CC' above or below this convenient datum. 
In short, that relationship which applies to the central plane will 
apply to any other parallel plane provided all inclined edges 
converge to meet in the common apex 0. 

In Fig. 2.10, wherein the port edges in a lengthwise direction are 
arranged parallel to the vertical axis of the plug, it will be seen that 
the foregoing relationship does not apply. Instead, the arbitrarily 
selected points X' and T' (corresponding to points X and T in the 
preceding example) do not lie in the same straight line converging 
on 0 ' (plan view); consequently, the angle of contact will be a 
varying one throughout the length of the plug and the ratio of 
arcuate length to uninterrupted perimeter of the plug will suffer 
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similar variation. The impact of this on design should be at once 
apparent. It curtails the amount of cover so essential for ensuring 
fluid tightness and particularly at the point of minimum diameter 
—the base of the plug—and this undesirable feature is more 

pronounced in the smaller sizes. 

Having thus outlined the geometrical procedure to be adopted 
in the design of the plug we may proceed to the next step, that of 
striking a satisfactory relationship between the bore, width, and 
length of the port. For all practical purposes the area of each port 
may be taken as the product of w v and h v in Fig. 2.9. In Fig. 2.10 
this product will accurately determine the area. Due allowance 
should be made for the loss of area occasioned by the necessity of 
radiusing the corners of the ports from considerations of moulding 
and as a precaution against the development of cracks. 

The mean width of the port taken on the central plane CC' and 
denoted by w p in Fig. 2.9 and 2.10 should be made equal to one 
half the bore of the cock, an easy rule to remember. Then equating 
the area of the mean rectangle (assuming sharp corners) to the area 

of the bore 

7rd 2 


w vK 


where d = the bore diameter 


whence 


rrd 2 

4 w v 


. Eq. 2.2 


But since 


Eq. 2.2 may be written 


rrd 


. Eq. 2.3 


The length derived from Eq. 2.3. will require to be increased 

slightly according to the corner radius adopted. This radius need 

w v d 

not exceed i.e. -7:. 

8 16 


Conditions Governing Fluid-tightness 

Fluid-tightness between the plug and the body contacting 
surfaces is an essential requirement but whether this is achieved by 
accident or design it is difficult to say. The peculiar adaptation of 
the wedge principle so admirably exhibited in the cock is in every 
way conducive to the attainment of fluid-tightness. The slow taper 

2 —(T. 710 ) 



20 


THE DESIGN OF VALVES AND FITTINGS 

enabling a relatively high contact pressure to be exerted on the 
surface of the plug for only a moderate application of axial force, 
the high degree of finish of the contacting surfaces and the lubrica¬ 
tion afforded by the working fluid itself (doubtful though it may 
be), all operate in favour of maintaining fluid-tightness. 



I 


Fig. 2.1i 


What are the conditions to be observed in order to ensure that 
the foregoing features are utilized to the best advantage in the 
interests of achieving fluid tightness over a reasonable period of 
service? These are (a) a smooth finish on the plug and body con¬ 
tacting surfaces (achieved by grinding and lapping) and ( b ) the 
provision of sufficient cover so as to ensure no leakage taking place 
circumferentially when the plug is in the closed position. This will 
be apparent from Fig. 2.11 depicting an elementary transverse 
section, or lamina, of the plug and body at the centre of the cock. 
The cover referred to might be more appropriately termed the lap 
if we borrow a term from steam engine phraseology, and is clearly 
indicated by the dimension c. Experience suggests a minimum 
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Lubricated Valves and Cocks 

The frictional resistance of ordinary ground-plug cocks and their 
proneness to binding fast after periods of inoperation have often 
caused them to be shunned in favour of some other fitting equally 
unsuited to the task in hand and many and varied have been the 
ideas brought forward in an endeavour to obviate these disadvan¬ 
tages. Eliminated to some extent by groove packing in the case of 
the asbestos-packed cock, the liability of attack by corrosive media 
renders such a cock still unsuitable for many applications, particu¬ 
larly in the chemical industry. Since any machine works all the 
better for a modicum of lubrication it was natural to suppose that 
if the plug and body surfaces of the ordinary cock could be lubri¬ 
cated a much better performance might be expected. Credit for 
being the first to put this idea to the test goes to a Swedish engineer, 
S. J. Nordstrom, who was engaged in the design, construction and 
operation of cyanide plants in Mexico, and who was obtaining 
indifferent performance from the many gate valves and plug cocks 
handling cyanide solution and slurries. His experiments soon 
proved that by interposing a film of lubricant under pressure 
between the machined surfaces of a plug cock, considerable resistance 
to the ingress of the working fluid was set up and friction and 
corrosion were considerably reduced. 

It will suffice to describe two such types of lubricated plug cocks 
manufactured in this country and representing the practical 
embodiment of Nordstrom’s original idea, together with certain 
additional refinements dictated by subsequent experience with this 
class of fitting. 

These are (i) the Audco Valve manufactured by Messrs. Audley 
Engineering Co. Ltd., Newport, Shropshire, and (ii) the Newman- 
Milliken Valve manufactured by Messrs. Newman, Hender & Co. 
Ltd., Woodchester, Glos. (The term valve is preferred by both these 
manufacturers, although the fitting is essentially a cock . Hereafter 
both types will be referred to as valves in deference to the designation 
preferred by both these firms.) 

Fig. 2.12 depicts in exploded view a standard Audco valve 
suitable for the more common applications of fluid control. Its 
action will be apparent from the illustration. The standard type 
is constructed on orthodox lines, the plug operating stem and 
tapered portion being arranged as an integral unit, a gland and its 
packing bearing on the plug to retain this in its ordained position. 
With appropriate modification this particular design is available 
for all pressures up to 900 lb/in. 2 but for higher pressures (from 
600 to 5,000 lb/in. 2 ) the “Hypreseal” valve is the one advocated. 
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This , is illustrated in Fig. 2.13, the exploded view again being 
employed for the better understanding of its constructional features. 

In the “Hypreseal” lubricated plug valve the plug is assembled 
through the base of the valve and positively seated on a ball thrust 
and threaded pressure screw, the latter passing through the steel 
cover plate. This arrangement is slightly resilient but the parts are 
unaffected by changes in pressure and temperature and so render 
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Fig. 2.12 


unlikely the necessity of subsequent adjustment. The orthodox type 
of spindle and packing are eliminated; instead, the detached 
operating stem is screwed into the body, the plug being rotated 
through a floating equalizer ring. In this way the plug is immune 
from disturbance arising out of externally applied forces, particularly 
those applied in a lateral direction as are occasioned by the thrust 
of the operating media. 

In the Newman-Milliken design depicted in Fig. 2.14 the plug 
is cylindrical, as distinct from the conical plug featured in the two 
previous examples. Furthermore, no gland or packing is incor¬ 
porated since it is claimed that these refinements are unnecessary 
on account of the shouldered-head construction of the plug which is 




COCKS 


23 


lubricated in addition to being a ground fit in the body cavity 
against which it bears. 

Some users favour the tapered plug design of the Audco valve 
and some the parallel plug of the Newman-Milliken valve but in 
both designs the mode of lubrication is substantially the same; an 
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insoluble lubricant in stick form is forced through the various ducts 
communicating with the rubbing surfaces through the agency of a 
jacking-screw, the simple ball check valve shown preventing the 
lubricant from being forced back by the pressure of the working 
fluid. It will be appreciated that the grade of lubricant is dependent 
upon the nature of the working fluid itself, numerous grades being 
available to suit a wide range of applications. 
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Sleeve-packed Cocks 

Before dismissing the subject of cocks there is one particular 
design which merits special mention, namely the Klinger sleeve- 
packed cock (see Fig. 2.15). It has already been pointed out that 
cocks employing a conical plug depend for their fluid tightness on 
the intimacy of fit between the contacting surfaces of the body and 
the plug. It has long since been recognized that if the plug could 
be made cylindrical whilst yet providing fluid tightness between the 
plug and the body the stiffness more usually associated with the 
conical type of cock might be eliminated. This has been achieved 
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handle 
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Fig. 2.15 



in the Klinger sleeve-packed cock, the principle employed being 
that of introducing a renewable sleeve of compressed asbestos 
between the plug and the body. The sleeve is inserted as a single 
unit (see Fig. 2.16). 

The cock plug is cylindrical and ground to a fine degree of surface 
finish, whilst the renewable packing sleeve is made from resilient 
Klingerit compressed asbestos built up in layers as shown. On one 
side of the sleeve is formed a ridge which engages with a corres¬ 
ponding groove in the body so as to ensure that the ports are always 
in line. This sleeve is compressed endwise by the action of the screwed 
caps and has the effect of forcing the asbestos into close contact 
with the body cavity and with the plug, thus ensuring pressure- 
tightness. Steel eyelets recessed in the sleeve prevent the asbestos 
from being squeezed into the ports during the tightening-up 
process and at the same time prevent the line fluid—which may 
have a high velocity—from scoring the asbestos packing. These 
eyelets are conical in section so that there is a tendency during 
tightening-up to squeeze the asbestos more tightly around the plug 
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and to push the eyelet towards the cock body, thus avoiding any 
scoring of the plug when this is rotated. Klinger cocks employing 
this principle are also available in two-way, three-way, four-way, 
and angle patterns. Klinger sleeve-packed cocks have been 
successfully employed on saturated steam at 2,000 lb/in. 2 , super¬ 
heated steam at 800 lb/in. 2 and goo°F and on benzine at 3,000 lb/in. 2 . 

Calculations on the torque required to operate a cock of ordinary 
construction are best left unattempted and would probably lead 
to disappointment and conflicting results since there are so many 
indeterminate factors. For example, the frictional resistance to 
rotation of the plug is dependent upon the extent to which the 
holding-down bolts have been tightened, the nature of the metals 
in contact and the lubrication (if any) afforded by the working 
fluid, the frictional resistance of the gland, where fitted, and so on. 
In a device of this nature experience and intuition must be the 
guiding factors. To what extent these expedients will serve the 
designer will be gathered from the chapters which follow in which 
more elaborate forms of closure devices are described and which 
call for a greater display of mathematics than the example chosen 
as a fitting introduction to a work of this nature. 



CHAPTER 3 

SCREW-DOWN STOP VALVES—SEATINGS AND BODIES 

Next to the common stop-cock described in Chapter 2, in order 
of simplicity for the manual control of fluid flow, ranks the screw- 
down stop valve. Under this heading may also be included all those 
valves, large or small, variously referred to in makers’ catalogues 



Fig. 3.1. Globe Stop Valve 


as globe stop valves , junction stop valves , controllable feed check valves , etc. 
In fact, any valve operated through the agency of screw-and-nut 
mechanism for actuating a closure member may be classed as a 
screw-down stop valve. 

This type is generally encountered either as a globe valve (Fig. 3.1) 
for insertion in a straight pipeline or as a junction valve (Fig. 3.2), a 
pattern suitable for mounting on the standpipe of a boiler to serve 
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as the main stop valve, or it may be conveniently inserted at a point 
in the pipeline where it is required to make a right-angled change 
in direction. 

Both Fig. 3.1 and Fig. 3.2 depict valves of the outside screw pattern, 
that is to say, the screwed portion of the actuating spindle is outside 



Fig. 3.2. Typical Screw-down Angle Stop Valve— 

Outside Screw Pattern 

the pressure space of the valve. This is a most commendable 
feature, particularly in the case of steam valves. But for cheapness 
the inside screw pattern is often employed, a typical example of 
which is to be found in the design of junction valve shown in Fig. 3.3. 
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Globe valves of the inside screw pattern are also commonly employed 
but are not to be recommended for steam service. 

Seatings and Bodies 

The first item to claim attention in the design of any valve is the 
seating; in fact it is the most important item of any valve, and, as 



Fig. 3.3. Typical Screw-down Angle Stop Valve— 

Inside Screw Pattern 

design proceeds, it becomes more and more apparent that the 
dimensions of many other components are linked in some way with 
the various diameters of the seating. A leaky seating means a leaky 
valve, and that much hackneyed slogan beloved of valve manu¬ 
facturers proclaiming that the heart of the valve is its seating 
embodies for once every element of truth. 

It is important, therefore, that careful thought be paid to the 
design of the seatings and to the materials employed. In this latter 
connexion the designer is free to choose from a wide variety of 
materials ranging from fibre composition (for the valve member) 
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t° high grade nickel-chrome steel or cupro-nickel, depending upon 
the application. 

Seatings include not only the component that normally goes by 
this name but also its companion member the valve clack , stopper or 
disc as it is variously described; in short, the two components 
which by mutual contact seal the valve against leakage may both 
be termed sealings . 

The point at which pressure-tightness of a seating is ultimately 
secured is on a relatively narrow annulus usually described as the 
seating face, and this should be ground and lapped to a mirror-like 
finish. The contact face of the valve member may be arranged 
flat, mitred or radiused and diagrammatic examples of these three 
basic types are’shown in Figs. 3.4, 3.5 and 3.6 respectively. 



Fig. 3.4 Fig. 3.5 

Screw-down Stop Valve Seatings 


Since all three types enjoy universal application it would appear 
that there is little to choose between these three differing designs. 
Each of them may be relied upon to give fluid tightness under 
favourable conditions if ground-in properly but it is interesting to 
consider each one in turn with a view to ascertaining, if possible, 
what outstanding virtues may be ascribed to any particular type 
such as would unhesitatingly commend its adoption. 

Consider first the valve member with radiused face as commonly 
employed on deadweight safety valves and the smaller sizes of stop 
valves. This may take the form of the truly hemispherical face as 
shown in Fig. 3.6 ( a ) or, with a much larger radius, as in Fig. 3.6 ( b ). 
The radiused type of seating has at least two inherent disadvantages; 
it is more difficult to machine and lap than a mitred or flat one, 
and it is more wasteful of metal and consequently more expensive. 

The forces which are brought into play at the contacting faces of 
the seatings of a screw-down stop valve in order to ensure fluid 
tightness will now be considered. 

In Fig. 3.7 ( a ), ( b ), (r), ( d ), and ( e) are shown five designs of seat 
contacting edges varying from one presenting an acute angle to the 
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axis of the valve (as in Fig. 3.7 ( a )) to one presenting an obtuse 
angle (as in Fig. 3.7 («)), the latter closely approaching the flat-faced 
type of seating. 

To close a screw-down valve effectively against the line pressure 
two separate and distinct resistances have to be overcome in addition 
to that of the frictional resistance of the spindle in the stuffing box 
(which will be disregarded for the moment). These are—(i) the 
clamping force at the contacting faces of the seatings for achieving 
fluid tightness (this fact is not generally appreciated but it should 
be obvious that mere contact at the surfaces is insufficient and 
experimental evidence points to a unit clamping pressure of at 



(a) (b) 

Fig. 3.6. Valve Seatings 


least one and a half to two times the line pressure being required 
in the case of steam valves); and (ii) the force exerted on the valve 
disc by the fluid pressure, i.e. the product of the fluid pressure and 
the effective area of the seating. 

Referring to the seating arrangement shown in Fig. 3.7 (a), the 
action of closing the valve will tend to make the seating expand to 
a minute extent and this will occasion some small amount of sliding 
between one face and the other; consequently, frictional resistance 
of the two materials in contact will require to be overcome and, as 
friction tends to oppose motion, the resultant force R a {see the force 
diagram in Fig. 3.7 (a)) will be deflected from the normal, shown 
dotted, by an amount determined by the angle of friction (j> shown. 
(Note that tan c/> = p where is the coefficient of friction for the 
materials in contact.) 

The three forces brought into play are the axial force P a required 
to overcofne all frictional resistances and maintain fluid tightness, 
H a , the horizontal component and R a the resultant of these two 
forces. 
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Fig. 3.7 ( b ), (c), (</), and (e) are similar to Fig. 3.7 (a) with the 
exception that these depict seatings having increasing edge angles 
a a , etc., until in Fig. 3-7 to we have an interesting case wherein 
the edge angle cc e is equal to 90° — <f >. In this instance the resultant 



H d 


Cf) 

Fig. 3 - 7 - (d) = 70°. (e) a, = 90° 

(/) Composite Diagram for the Five Variations of a 

force R e will be coincidental with and equal to the axial force P e 
producing this resultant, or 

P. = R e sin (a, + <f>) 

= R e sin (90° — (/> + 

= R e sin 90° 
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Thus for all edge angles in excess of go° — <f> the horizontal com¬ 
ponent H vanishes and there is no tendency to expand the seating in 
the process of tightening down the valve. 

Consideration of these five successive cases in conjunction with 
Fig- 3*7 (/) which all five force diagrams are combined) is most 
revealing. The value of R , the resultant minimum contacting 
force required for the maintenance of fluid tightness, has been 
purposely kept constant in all five force diagrams for the sake of 
comparison and it will be observed that the axial force P required to 
produce this force R diminishes with a diminishing angle a. This 
would appear to favour the adoption of a steep (small) edge angle 
but the apparent advantages are offset by a progressive increase in 



Fig. 3.8 


the value of//, the force acting at right angles to the line of action 
of P y and this is the force tending to burst the seating. 

This bursting tendency is augmented by the fluid pressure acting 
in the same direction and, although the combined effect of these 
two bursting forces is not likely to be appreciable, and is very small 
in comparison with the major force required to close the valve 
against all resistances, it may have the effect of bursting the seating 
if this is inadequately proportioned or if no restraint is placed on 
the free deflexion of the seating or, additionally, if the seating is 
made of brittle material. 

With flat-faced seatings the axially applied force required to 
maintain fluid tightness is unaccompanied by any bursting force 
other than that produced by the fluid pressure itself which is, 
perhaps, one sound argument in favour of the adoption of flat 
faces, now gaining in popularity. The bursting force may be 
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disregarded for all practical purposes in most cases unless the 
seating is of exceptionally thin section. At all times liberal pro¬ 
portions should be adopted for seatings so that they may be better 
able to retain their true circularity and flatness under varying 
conditions of temperature, pressure, and the unequal body strains 
incurred. 

The following empirical rules may be used in proportioning 
restrained seatings, i.e. seatings which are not free to expand 



Fig. 3.9 

laterally, and these are based on values which have proved satis¬ 
factory in practice if lengthy trouble-free service is any criterion. 
These rules are embodied in Fig. 3.8 and the accompanying graph 
(see Fig. 3.9) enables a rapid selection of a suitable value for t s , the 
thickness of the wall of the seating, to be made. This dimension 
is the one on which most of the others are based. 

The width of the contact face w is, or should be, a variable 
factor dependent upon the intensity of the line pressure, the nature 
of the working fluid and the permissible unit pressure on the materials 
in contact. In the latter connexion the values for w, the maximum 
safe unit surface stress, given in Table 3.1 may be adopted. 

The maximum force that could be transmitted to the contacting 
surfaces of a screw-down stop valve seating, by simple operation of 
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the handwheel and screw mechanism, would be that obtained when 
the valve was operated under conditions of zero line pressure. This 
will be obvious when it is considered that in a correctly designed 
valve the mechanical advantage of the handwheel and screw mechanism 
is sufficient to permit of the valve being closed against the pressure 


Table 3.1. Maximum Permissible Unit Surface Stresses 

for Valve Seatings 


Seating Material 

Max. Brinell 
Hardness No. 
(3,000 kg) 

Max. Unit Surface 
Stress u 
lb/in. a 

Authority 

Cast iron 

180 

1,000 

Unwin 

Fibre composition . 

45 

500 


Gunmetal 

75 

2,000 

Unwin 

“Monel” metal* 

270 

9,000 


Nickel bronze (sand cast) . 

240 

6,000 


Nickel-chrome steel . 

440 

12,000 


Phosphor-bronze 

100 

3 > 5 °° 

Unwin 


for which it is designed, with an allowance for the clamping force 
at the seatings and for other resistances. Consequently, if the 
major resistance, that of shutting off against the line pressure is 
removed, and the valve operated, the whole of the thrust of the 
valve spindle may be transmitted to the contacting faces of the 
seatings which must be of such proportions as to take this thrust 
safely without suffering any damage. 

This leads us at once to correlate the various factors previously 
outlined and to determine w , the width of contacting surface of the 
flat-faced seating, as follows. 

Referring to Fig. 3.10, let 

F a = total axial force to close the valve effectively 
axial force to resist pressure load')* 

= effective area X fluid pressure 

7 7 

= — d 0 2 p, the pressure being taken to act upon the whole of the 

4 

area bounded by the outer edge of the upraised seating 
edge 

♦ “Monel’* (Regd. Trade Mark) is a proprietory alloy containing roughly 
two-thirds nickel and one-third copper. 

■f In the case of screw-down stop valves with outside screw the axial force 
required in the initial stages of closure, neglecting friction, will be given by the 
product of the unbalanced area of the spindle (where it passes through the stuffing 
box) and the line pressure, but this force will be supplanted by the substantially 
greater force F s at the instant of final closure. 
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P == axial clamping force at the seating 

= area of seating edge X twice the line pressure (for steam) 
= 27 rd 0 wp approximately 
p = fluid pressure 

u = safe unit working stress, or clamping pressure on seating 
Then, total axial force 

Fa=F S + P 

= 7 d 0 2 p + 2 nd 0 wp 

4 



Fig. 3.10 


Then, load per unit area of seating edge 

load 

u =- 

area 


whence w 

For convenience of selection of the appropriate value of w , the 
curves given in Figs. 3.11 (a), (b), (c), (d ) 9 (e) and (/) have been 
plotted. It is recommended that these curves be employed in 
preference to the formula derived in Eq. 3.2 as it has been deemed 
advisable to increase the value of w thus found in the case of the 

smaller sizes of valves so as to be more in line with practical require¬ 
ments. 
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THE DESIGN OF VALVES AND FITTINGS 


The dotted portions of the curves fall through points determined 
by Eq. 3* 2 > whereas the full curves embodying the above recom¬ 
mendations should be adopted. The disparity between the theor¬ 
etical and empirical values is not so pronounced as might first appear 
since the ordinates in every case are logarithmic. 

Example 

What would be the total axial force required to effect positive closure of 
a 6-in. screw-down stop valve having flat-faced phosphor bronze seatings 
against a steady steam pressure of 100 lb/in. 2 ? Determine first of all the 
permissible width of the contacting face of the seating assuming d Q = 6* in. 
Neglect gland friction. 

Solution 

From Table 3.1, safe unit pressure u = 3,000 lb/in. 2 whence 

pd 0 

w = -- 

4 (« - 2 P) 

_ IOO X 6 25 

~ 4(3,000 — 2 X IOO) 

= 0-056 in. 


This may be amended to 0-058 in. in accordance with the appropriate 
curve given in Fig. 3.11 (a) and , 

P = 2 7rd 0 U)p 

= 2 X 3*1416 X 6-25 X 0 058 X IOO 
= 228 lb (approximately) 


Also 


and 



= 0-7854 x 6-25 2 x 100 
= 3,075 lb (approximately) 


F a = F s + P 


= 3,303 lb (approximately) 


Note that P = 


228 x 100 
3.303 


= 6-9 per cent of the total force required to 

close the valve, yet this is a factor overlooked by the majority of designers 
who invariably base their calculations solely on the force required to resist 
the steam load. 
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By way of comparison take the case of a mitre-seated valve. The axial 
clamping force P will be determined from the relation 

P = R sin (a + <f>) 

where a = edge angle of seating 

<f> = friction angle of the materials in contact 

(Note that tan <f> = fj, = the coefficient of friction) 

R = resultant force on seatings 
Now R = 2rrd 0 wp very approximately 

therefore P = 2nd 0 wp sin (a + <f>) 


and 

as previously 
is given by 


F s = - d 0 2 p 

4 

determined. Then total axial force required to close the valve 
F a = F s + P 


7T 


= — d Q 2 p + 2 ird 0 wp sin (a + 4 >) 

4 



+ 2 w sin (a 4- 



and load per unit area of seating edge 

load 

u =- 

area 



(approximately) 


whence 


w 


P d_ 

4w 


+ 2 p sin (a 4- <f>) 


_ pdo _ 

4 i u ~ 2 p sin (a + <J >)} 


. Eq. 3.3 


To make the comparison complete take the previous numerical example 
of the 6-in. stop valve but substituting a mitre-faced phosphor-bronze 
seating of, say, 45 0 edge angle, and taking the coefficient of friction of 
phosphor-bronze on phosphor-bronze as 0-24. 


Since p = tan <f> = 0*24 
then <f> (from trigonometrical tables) = 13 0 30' 


_ pdo _ 

4{w - 2 p sin (a + <f>)} 


100 X 6-25 

4(3,000 - 2 X 100 x sin (45 0 o' 4- 13° 3 °'Y} 


= 0 0552 m. 
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Note that this value is somewhat less than that previously determined in 
the case of the flat-faced seating, the slight wedging action induced by the 
mitre having the effect of slightly reducing the axial effort required to 
make a seal. 

Continuing— 
p t (see Fig. 3.7 ( b)) 

= 2ird Q wp sin ( <x h -f- <f >) 

= 2 X 3*1416 x 6*25 x 0 0552 x 100 x sin (45 0 o' -f 13 0 30') 
= 187 lb (approximately) 


and Fsf = — d 0 2 p 

4 

= 3>°75 lb (approximately) as before 


Now F a = F s + P b 

= 3>°75 + 187 
= 3,262 lb (approximately) 


Note that in this case P b == 
required to close the valve. 


187 x 100 

— 3 2 g 2 — = 5’73 P er cent of the total force 


Taking the case of the undesirably acute-angled seating depicted 
in Fig 3.7 (a), by way of a somewhat odious comparison, the 
following values are obtained in a similar manner to those obtained 
by the foregoing calculations— 

w == 0*0545 in. 

P a = 147 lt> 

F s = 3,075 lb (as before) 

F a = 3,222 lb 

P a being 4*57 per cent of the total axial force required effectively to 
close the valve against the line pressure. Similar values for the case 
shown in Fig. 3.7 ( e ), wherein the edge angle a e = 90° — </>, are as 
follows— 

w = 0*058 in. 

P e = 228 lb 

F s = 3.075 lb 

F a = 3.303 lb 

P e being roughly 6*9 per cent of the total axial force required, as 
the case of the fat-faced sealing . 

in Summing up the results of the foregoing investigations on widely 
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differing edge angles, some feasible and others ludicrous, in order 

to embrace all extremes, three inferences may be drawn 

(i) The width of the seating face w varies but slightly for the 
whole range of edge angles between the two extremes of 90° (flat 
face) and 30°, so that one might reasonably base the width of 
contacting face on that computed in the case of flat-faced seatings. 

(ii) The ratio of the clamping force P to the total axial force F a 
required effectively to close the valve diminishes with a diminishing 
edge angle a but this apparent advantage is offset by the corres¬ 
ponding increase in the horizontal component, which is most 

undesirable. 

(iii) For all edge angles between 90° — cj> and 90°, (flat face) 
the clamping force is constant and the horizontal component H 

is zero. 

All things considered, flat-faced seatings are to be perferred, 
particularly for high-pressure steam service, or for any other service 
where variations in temperature are expected. Under such con¬ 
ditions, all wedging action should be avoided to nullify the effects 
of expansion. Wedging action, however small, is ever-present in 
mitred valves (where the edge angles are favourable) and, if 
permitted, in screw-down valves, constitute something of a potential 
danger. Apart from all considerations of wedging effect there is 
also another possibility to be considered; in the event of the valve 
being closed down hard whilst subject to high temperature and 
then suddenly allowed to cool with the valve still in the closed 
position, it is possible—due, perhaps, to differing rates of expansion 
between the two closure members—that the seating may be pre¬ 
vented from resuming its original dimensions and cracks may 
develop as a result of its inability to withstand the stresses imposed. 
Failure due to this cause has been traced on many occasions. 

With flat-faced seatings, however, this tendency does not arise 
and may explain their popularity amongst some manufacturers. 
The ease with which such seatings lend themselves to grinding-in 
on a surface plate is another point in their favour. It must be 
remembered that the surface plate cannot be commissioned for 
any seatings other than the flat type and the practice of grinding-in, 
in such cases, is invariably one of grinding the two components to 
one another, a most undesirable arrangement and one full of pitfalls 
since any soft spots in one tend to become accentuated by repeated 
grinding, rather than to disappear, as would be expected. This is 
particularly noticeable in the case of safety valves employing mitre¬ 
faced seatings, where the load on the valve cannot be increased to 
secure better closure once the valve has been set. With screw-down 
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valves conditions are different; most mechanics know how to 

persuade a fractious valve to close (by means of a wheelspanner!) 

but this malpractice is not to be advocated except in cases of dire 
emergency. 

In the case of valves of the wedge-gate or parallel slide type, 
described in ensuing chapters, mitre-faced seatings cannot possibly 
be employed and flat-faced seatings are the only practicable 
alternative, so it would appear that no reasonable objection can 
be levelled at their adoption in screw-down valves. 



Fig. 3.12 


Fig. 3.13 


Globe Valve Bodies 

The design of the body itself presents no great difficulty since it 
is generally devoid of much complication. Cylindrical or globoidal 
configurations should be adopted wherever possible and flat surfaces, 
subject to pressure, avoided. In an endeavour to achieve compact¬ 
ness, some designers are apt to overlook one fundamental require¬ 
ment—that of providing sufficient area at the throats, indicated at 
TT' in Fig. 3.12, on both the inlet and outlet sides. 

The dividing web shown cross-hatched in both elevation and 
plan views in Fig. 3.12 is often made in the form of a flat plate, or 
diaphragm, disposed at right angles to the direction of flow, and 
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seen to advantage in plan view. This arrangement may simplify 
pattern making but it represents bad design since it m Y y 

restrict the area presented to flow in the vicinity of the throats, a 
fact which will inevitably escape notice either in the drawing itself 
or in the finished article. As there is an unavoidable pressure P 
across any globe valve, even when fully open, due to the sudde 
and double change in direction of flow and to turbulence, this 
restriction becomes all the more serious. This disadvantage may 
be offset to some extent by increasing the distance across the throat 
but this would necessitate increasing the distance over the flanges. 
Flat dividing webs do not usually incur a serious loss of area in the 
smaller sizes of valves but in valves of 5-in. bore and upwards the 
proportionate area diminishes rapidly. This disadvantage may be 
overcome as follows. The dividing web, or diaphragm, should be 

arranged as shown cross-hatched in Fig. 3.13? ** e * * n t ^ ie f° rm °f an 
arc (see plan view). Reference to the sectional elevation will reveal 
that the axis of the throat plane TT', normal to the direction of 
flow, is considerably extended. The development of this plane 
may provide something of a problem in geometrical drawing and 
one not readily solved by every draughtsman. Nevertheless, it is 
not insoluble and the following method of construction will show 


how to attempt the problem. 

Referring to Fig. 3.13 the line TT' represents the mid-ordinate of 
the throat plane. A view taken normal to this plane may be pro¬ 
jected as depicted in Fig. 3.14. 

Select any point 0 on the line TT' in the sectional elevation: 
then any line ox representing the half width of the projected figure 
through 0 may be determined as follows. 

Draw horizontal and vertical lines through 0, the vertical line 
cutting the horizontal centre line of the body at q and the inside of 
the body shell at r. 

With centre q and radius qr (equal to R 2 ) describe an arc cutting 
ox in x; then the distance ox may be transferred to the projected 
figure as shown. 

By repeating the above process, taking any number of arbitrary 
points 0 along the line TT' a sufficient number of points may be 
obtained to complete the projected figure. 

Had the curved web, or diaphragm, been supplanted by the 
straight one previously rejected, the two horn-like projections 
depicted would not have been in evidence, thus constituting an 
appreciable loss of area. 

In order readily to establish whether sufficient throat area is 
available, a circle of diameter equal to that of the connecting pipe 




o 
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body shell and the web at the outer extremities of the latter may b 

determined as follows. . , , 

Select any point a on the inside of the web in plan view and draw 

an arc of radius R v corresponding to the inside transverse radius 

of the body in a plane containing the point a. Produce the line a 

to cut the curve in b, then the dimension ab may be transferred to 

the sectional elevation, as shown. By repeating the process for any 

number of such points as a along the curved inside surface ol the 

web, the true surface denoting the junction of the web and shell 

may be completed. Actually there should be no well-defined line 

denoting the confluence of these two surfaces since a fillet radius 

would be provided, but sharp-edged outlines have been adopted 

to demonstrate better the method of construction. 

% 


3—(T.710) 



CHAPTER 4 

SCREW-DOWN STOP VALVES—VALVE 

ACTUATING SCREWS 

Since screws play such an important part in the operation of screw- 

down valves their characteristics should be fully understood bv the 
designer. 1 

The screw is a particular application of the inclined plane as 
wil be apparent if a screw is imagined to consist of a number of 
inclined planes wrapped around a cylinder. If one complete turn 
of the he ix (or thread) be imagined to be unwound from this 
cylinder the base of the inclined plane presented will be equal to 

u w . here dt ~ the mean diameter of the threads, and the height of 
the plane will be equal to the pitch of the thread p t . In multiple- 
start screws the lead l t must be substituted for p t since obviously 
this is the true pitch of the screw. In other words in one revolution 
of the screw, the nut—or a selected point on the thread—will move 
axially a distance equal to the lead. In single-start threads lead 
and pitch are, of course, identical. The important fact to be 
remembered is that the height of the inclined plane is equivalent 
to the axial displacement in one revolution of the spindle or its nut (or 
similar mating part), depending upon which is the unrestrained part. 

The foregoing points are explained in Fig. 4.2 depicting a portion 
of a single-start square thread with its appropriate inclined plane 
superimposed in dotted lines and Fig. 4.3 depicting a two-start 

square thread, for which the lead l t = 2 p t . In triple-start screws 
the lead is equal to 3 p t . 

The axial thrust obtained from a screw mechanism depends on 
(i) the tangential effort applied and (ii) the mechanical efficiency of the 
screw mechanism. The latter is itself dependent upon two factors, 

namely the slope and frictional resistance of the materials of the screw 
and the nut. 

Consider the simple screw mechanism shown in Fig. 4.1, the nut 
being omitted for the sake of clarity. The application of a tangential 
force T to the rim of the handwheel of effective radius r will produce 
a greater tangential force P at the mean radius of the screw. 

Thus P Jl = Tr 

2 

or Pdt==2Tr 


52 


Eq. 4.1 
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Now refer to Fig. 4-2. At (a) in addition to showing a P ortIon of 
the screw, the dotted right-angled triangle xyz represents th 
development of one complete turn of a thread taken at its mea 
diameter. Thus the base of the triangle is -rrd t and its height />,, the 
angle of inclination, or slope, being denoted by a. At ( b) is shown 




Fig. 4.1 


an element of the inclined plane whose angle of slope a corresponds 
to that of the screw shown at (a). Force P is shown acting parallel 
to the base of the plane whilst the axial resistance F a) and the 
resultant of these two forces R , are also shown. Since friction 
always opposes motion the resultant mutual thrust R on the con¬ 
tacting faces of the engaging threads is deflected from the normal 
position (shown by dotted lines) through an angle <f >, this being the 





Fig. 4.2. Single-start Right-hand Square Thread 



Fig. 4.3. Two-start Right-hand Square Thread 
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friction angle of the materials in contact. (Supposing friction could 
be eliminated, the lines of action of the resultant R would be 
coincidental with the dotted line shown). The friction angle <£ is 
that angle whose tangent is equal to /x, the coefficient of friction, 
i .e. tan <f> = /x. 

At (r) is shown the triangle of forces for the three forces P, F a and 
R acting on the inclined plane. The construction of this diagram 
will be apparent, the three vectors P, F a and R being drawn 
parallel to their counterparts in ( b ). 

Given the axial force F a9 the angle of slope of the screw and the 
coefficient of friction of the materials in contact, P may be either 
scaled or calculated. 

Reverting to Fig. 4.1, the value of the applied tangential effort T 
may be determined. Neglecting for the time being the effects of 
all frictional resistances, mass and inertia of the moving parts, the 
work done on the handwheel is equal to the work done by the thrust 
of the spindle. For one complete revolution of the handwheel the 
spindle would advance a distance equal to one pitch of the thread 
(or to the lead in the case of multiple-start threads although single¬ 
start threads should be the general rule in screw-down stop valves). 

The mechanical advantage of this arrangement 

force obtained F a 

a effort applied T ' * ^* 2 

The velocity ratio 



distance through which the effort is applied 
distance through which the force acts 


27rr 

Now the efficiency rj 
useful work obtained 
mechanical advantage to 


. Eq. 4.3 


of any power mechanism is the ratio of the 
to the work expended, or the ratio of the 
the velocity ratio , i.e. 



Fa Pt 


T ’ 277 T 


whence 

27 tTtt] 


° Pt 

or 

11 

lx 


27777 / 


Note that rj is a fraction always less than unity. 


. Eq. 4.4 
. Eq. 4.5 
. Eq. 4.6 
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Since we are only concerned with the actuating screw at this 
stage, r] will be the efficiency of the screw and nut mechanism. 

It will thus be seen that the efficiency has an important bearing 
on screw performance. Now consider the frictional resistance of a 
screw. Reverting to Fig. 4.2 (e) representing the triangle of forces 
for the three forces acting on the screw, the relation between effort 

arid load is 

^r = tan (a + <j>) • • • • Eq. 4-7 

r „ 


tan a + tan </> 
i — tan a. tan cf> 


. Eq. 4.8 


From Fig. 4.2 ( a ), tan a = 
Also tan (f> = fx. 



Hence substituting in Eq. 4.8 



Pt + 

Trd t — np t 



. Eq. 4.9 


Since the efficiency of any machine is the ratio of the effort without 
friction to the effort with friction an expression for the efficiency r] s 
of a square-threaded screw may be derived as follows. 

effort without friction 
^ 3 effort with friction 


From Fig. 4.2 (c) we have 

P (without friction) = F a tan a 
and P (with friction) = F a tan (a + (f >) 


then 


Vs = 


F a tan a 


F a tan (a + 4 ) 
tan a 


tan (a + <j>) 


. Eq. 4.10 


5 ® 
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i.e. 



tan a (i — tan a.tan <f>) 
tan a + tan <j> 



pt vp? 

Trd t (W,) 2 



Pt (” d t ~ f*Pt) 


Eq. 4.11 


■nd t {p t + find,) 

from which rj a may be more readily calculated than from Eq. 4.10. 

Eq. 4.10 and 4.11 are expressions for the efficiency of screws 
with single square threads but they are also applicable to multiple- 
square-threaded screws provided l t (lead) is substituted for p t 
(pitch). In certain cases the thread is not cut to the full depth 
shown in Figs. 4.2 and 4.3 mainly in order to preserve the core 
strength of the screw. This does not affect the foregoing expressions 
since d t is always taken to be the mean diameter of the thread. 

Values of rj a have been plotted in Fig. 4.4 corresponding to 
various lead (or pitch) angles of threads and various values of the 
static coefficient of friction for the materials employed. Intermediate 
values may be interpolated. 

Table 4.1 gives details of the static coefficient of friction between 
materials likely to be employed for valve spindles and mating parts, 
lubricated or dry. 


Table 4.1. Static Coefficients of Friction for Materials of 

Valve Spindles and Mating Parts 


Materials in Contact 

Condition 

Static Coefficient 
of Friction 

Spindle* 

Nut* 

Brass 

Cast iron 

Lubricated 

015 to 0*23 

Bronze 

Bronze 

Dry 

0*20 tO 0-26 

Cast iron| 

Cast iron* 

Dry 

0-18 to 0*22 

“Monel” metal 

“Monel” metal 

Dry 

0-20 tO 0*25 

Steel (hard) 

Bronze 

Lubricated 

0-08 to o*io 

Steel (soft) 

Bronze 

Lubricated 

0*10 to 0*12 


* Or vice versa. 

f These materials would be employed in valves for alkalis. 
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Whilst a high mechanical efficiency in most machines is the usual 
aim there are some applications wherein it is a distinct disadvantage 
in screw and nut mechanisms. In screw-down valves, for example, 
the clamping mechanism must at all times be irreversible, that is to 
say, the load on the valve disc must under no circumstances be 



LEAD ANGLE QC (in degrees) 

(Pitch Angle in the case of single start threads) 


Fig. 4.4. Efficiency Curves for Square Threads 

capable of rotating the spindle, otherwise the valve would be 
possessed of undesirable self-opening tendencies. This might appear 
a remote possibility, and generally is so in the case of large valves, 
but it has been encountered on badly designed valves of small bore 
(wherein coarse-threaded small-diameter spindles with corres¬ 
pondingly enhanced lead angles have been employed). This 
objectionable feature is more commonly encountered in valves of 
the so-called quick-acting variety employing “quick” threads for 
their rapid operation. 
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The reversed efficiency (i.e. the efficiency when the axial force 
F a becomes the effort) of a square-threaded screw and nut mechanism 
is given by 



tan (a — <f>) 
tan a 


This expression is derived as follows. 

Referring to Fig. 4.5 (a) and ( b ), depicting the force diagrams 
relating to one wedge sliding over another, which system is analagous 
to a screw and nut mechanism, whenF a becomes the effort we have 




Fig. 4.5. Screw Threads 


Now 


and 


Reversed efficiency rj T 
F a (without friction) 


effort without friction 
effort with friction 

P 

tan a 


F a (with friction) 


P 

tan (a — <f>) 



tan (a — <f>) 
tan a 


. Eq. 4.12 


Obviously, this expression will be zero, giving the condition of 
static irreversibility when a = <f>. Consequently, no screw and nut 
mechanism can be relied upon to be statically irreversible when 
the lead angle a approaches the friction angle <j>. In the curves for 
the efficiencies of square-threaded screws shown in Fig. 4.4 the 
theoretical limit of irreversibility is indicated by the transverse line 
rr cutting the curves at the points of transition. It is inadvisable, 
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therefore, to adopt for valve closure mechanisms screws whose 
efficiency values are found to lie on those portions of the curves 
shown in dotted lines, and a combination of pitch and mean 
diameter should be selected that will give an efficiency not 
exceeding, roughly, 45 per cent. 

Now consider the effect of departing from the square form of 
thread adopted as a basis for the foregoing treatment. It is sometimes 
expedient to adopt threads of other than square form: in many 
cases the Acme (which is virtually a com¬ 
promise between the square and the vee 
thread) is adopted for valve-actuating 
spindles whilst in very small valves vee 
threads, usually of Whitworth form, are 

sometimes favoured. 

Reference should be made to Fig. 4.6 
depicting an element of the Acme thread 
by way of illustration. The treatment is 
the same for other forms of thread. In this 
case the flanks are inclined to one another 
at 29 0 . 

R n the normal pressure on the flanks of 
the thread may be resolved into its two 

components S, perpendicular to the axis of the screw, and F a , as 
before, parallel to the same axis when, from the triangle of forces 
in Fig. 4.6 

17 

= COS p 





_ 29 


r 


Fig. 4.6. Acme Thread 


R 


or 


R 


n 


_ F 

cos p * a 


where P = half the included angle of the thread 

= 14° 30' in the present case (see Fig. 4.6). 


• Eq. 4.13 


Since friction is proportional to R n then the force of friction, say 
e , required to overcome R n is given by 

e = kR n 

where k is some constant, as will be determined. But 

e . 

— = [x = tan (f> 

■“■71 

e = R n tan <f> 
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We have shown (Eq. 4.13) that 



whence e = —. tan <£ 

cos ^ 

If F a be taken equal to unity, then 

e = -3 . tan 6 

cos p T 

It follows, therefore, that for all calculations on vee threads the 
tangent of the friction angle (tan (f>) must be multiplied by a factor 

k = ~ * s p where /? is half the included angle of the adjacent flanks 
of the thread. 


Since the friction angle </> is a fairly small angle and k is less than 
1 *5 for most vee threads normally employed, k tan <£ may be approxi¬ 
mated to tan ktf) for all practical purposes and we may write 
P 

= tan (a -f- k<f>) approximately. 

Proceeding as in the case of square threads 

effort without friction 
Efficiency rj v — e ^ ort w j t h friction 

F a tan a 


F a tan (a + k<f>) 
tan a 

tan (a + k<f>) 


. Eq. 4.14 


tan a + k tan <f> 

But tan (a + kd>) may be written- 7— --- 

v 1 7 1 — k tan a.tan <p 


Vv = 


tan a (1 — k tan a.tan <f>) 
tan a k tan <f> 



pt Wt — k vPt) 

■nd t ( p, + kfmd t ) 


. Eq. 4.15 
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Table 4.2 gives the included angle (2/9) of some of the more 
popular threads, together with their corresponding values of k. 


Table 4.2 


Type of Thread 

2/J 

k = — 

cos p 

Square .... 

o° 

1*000 

Acme 

29° 

1033 

British Standard Whitworth 

55° 

1*130 

Sharp Vee \ 

American Standard I 

(Nat. Fine and Nat. Coarse) > 
French Standard 1 

International Standard ' 

6o° 

1*150 


The value of k for Acme threads is near enough to unity to 
occasion no appreciable variation from the efficiency values deter¬ 
mined from the curves for square threads shown in Fig. 4.4, or by 
the appropriate formulae (Eq. 4.11 and 4.12). Consequently, for 
all practical purposes these curves may be adopted for both Acme 
and square threads. 

For vee threads however, the disparity is more pronounced and 
an additional set of curves is included (Fig. 4.7) for threads with a 
6o° included flank angle (k = 1-150). Here again the transition 
curve rr denotes the limiting values for irreversibility. 

By similar reasoning to that leading to Eq. 4.13 the reversed 
efficiency in the case of vee threads is found to be 



tan (a — k<f>) 
tan a 


. Eq. 4.16 


A composite illustration of an Acme thread is shown in Fig. 4.8 
in which the elemental dimensions are clearly indicated. 


Example 

Determine the torque to be applied to the spindle of a 7-in. screw-down 
stop valve suitable for a working steam pressure of 125 lb/in. 2 . Particulars 
of the actuating spindle, which is of gunmetal working in a mild steel 
crosshead, are as follow: Diameter at top of thread 2 in., three threads per 
inch, single-start square thread, lubricated. The seatings, which are of 
nickel bronze, are assumed to have been designed in accordance with the 
recommendations prescribed in Chapter 3. Assume the diameter of the 
handwheel is 18 in., the depth of thread i in. and neglect gland friction. 



6 4 
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whence 


Mean diameter of spindle d t = 2 — £ in. 

= 18333 m. 

Pt 


Tan angle of slope of thread a = 


a = 


7 rdf 

Q-3333 

1*8333 

00579 

3° 19' 


90 r 


o 

z 

UJ 

O 

u. 

u. 

UJ 



IS 20 25 30 

LEAD ANGLE QC (in degrees) 

(Pitch Angle in the case of single start threads) 

Fig. 4.7. Efficiency Curves for Vee Threads 


^l=o-io 


/!= 015 


}JL - 0-20 


\L- 0-30 


Referring to the curves given in Fig. 4.4 and assuming the coefficient of 
friction to be 0-15 we find that the efficiency for a square-threaded screw 
having a lead angle of 3 0 19' is 0 275 (or 27$ per cent) as near as may be 
interpolated, from which it will be noted that the efficiency is well below 
the limiting value for irreversibility. This value is sufficiently accurate for 
all practical requirements, but for purposes of comparison with previously 
determined formulae we may check the accuracy of the value derived from 
the curve, making use of given data. 
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From Eq. 4.10 


tan a 


rit tan a + <f> 


(Note that tan <f> = n = 


then 


tan 3 0 19' 

= tan (3 0 19' + 8° 32') 

= 0*15, whence <f> = 8° 32') 

_ 0-0579 
0-2098 

= 0-2758 (or 27-58 per cent) 



Fig. 4.8. Two-start Left-hand Acme Thread 


Also, by Eq. 4.11 

= ^iW — upt) 

ird t {pt + fl-rrdi) 

Q-333 3 x 1 8 333 ~ Q>1 5 X Q'33 33)_ 

_ 3*142 X 1-8333 (0-3333 + 0-15 X 3-142 x 1-8333) 

= 0-2758 (or 27-58 per cent) as before 

We have seen from Eq. 3.1 that, neglecting the frictional resistance of 
the stuffing box and gland, the total axial force required to close a screw- 
down stop valve is given by 

F a = F s + P 

do 

or F a = Trdop -b 2 w 

4 

Before proceeding to substitute known values in this expression we 
require to determine the value of d 0 and w. Taking the outside diameter 
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of the seating edge to be 7^ in. (confirmed by drawing to the proportions 
recommended in Chapter 3, Fig. 3.8) and from the appropriate curve 
corresponding tou= 6,000 given in Fig. 3.11 (b), we find a suitable value 
for w would be 0 085 in. Then 

F a = 3-142 x 7-5 X 125R -f 2 X 0 085 

\ 4 

= 6,024 lb 

Now we have seen from Eq. 4.6 that 

X = Fa 
2tt rrj, 

whence the torque Q to be applied to the actuating spindle will be given by 

0 .= Tr 

= FaPt 

27 T ?; 9 

= 6,024 X 0-3333 

2 X 3 *I 42 X O 2758 
= 1,154 lb-in. 



As the diameter of the handwheel is 18 in., then the gross manual effort 

to be applied to the rim will be = 64 lb approximately, a reasonable 
figure. 1 ° 

It must be remembered that this torque, or effort, will be the maximum 
required to effect closure against the pressure stated; in the process of 
running down the spindle, considerably less effort will be required, the 
maximum being required to be exerted in the final stages of closure, that 
is to say, when the valve disc is being clamped down against the seating and 
effecting the necessary seal. 



CHAPTER 5 

SCREW-DOWN STOP VALVES—BOLTED COVERS 


The part played by the bolts or other fastenings in a pressure-loaded 
plate are different from those which obtain in the majority of other 
bolted devices in that not only must they be adequate in size and 
number to sustain the load imposed upon them by virtue of the 
pressure acting upon the plate itself but they must also be capable 
of imposing the requisite clamping force to prevent leakage of the 
working fluid impounded. 

It is not uncommon to find draughtsmen adopting the expedient 
of equating the supposedly safe load on the bolts to that obtained 
by multiplying the working pressure by the exposed area of the 
plate. This wrongly assumes that the bolts have simply to withstand 
a readily determinable tensile force and by employing this stratagem, 
and usually with the assistance of a table of safe loads never intended 
for this particular purpose, the results obtained often appear to 
justify the adoption of this method, judging by the satisfactory 
performance of the apparatus in question. 

Consider the following related examples of pressure-loaded cover 
plates encountered in valve practice. 

Case i. Cover Joint with Resilient Gasket continuous to inside of Cover 
Bolts: Pillars screwed into Top Plate only. 

Where the pillars are simply screwed into the top cover plate 
only, as in most designs, and as shown isometrically in Fig. 5.1, the 
total clamping force to be exerted by the cover bolts will be equal 
to the sum of 

{a) The force due to pressure tending to separate the two 
flanges. 

(b) The force required to maintain fluid-tightness of the gasket. 

(c) The upward thrust of the spindle in the process of closure. 

Conjecture must play a part in deciding at what intermediate 
point across the surface of the gasket leakage of the working fluid 
is ultimately prevented, and it may be assumed for design purposes, 
in the absence of more precise information, that this is effected at 
a point situated midway between the spigot and the inside of the 
bolts. The effective area, therefore, on which the pressure may be 

67 
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7 T (D + d \ 2 

assumed to act will be given by — I—-—I and the total force 
exerted by the working pressure on the exposed area of the cover 




Fig. 5.1 


Assuming that the jointing medium employed is of the graphited 
sheet asbestos type a unit clamping pressure of i-ip would be 
sufficient to maintain fluid-tightness. This unit pressure will require 
to be exerted across the whole of the face enclosed by a circle touching 
the insides of the bolts and by the inner edge of the spigot. (There 
is no point in continuing the gasket outwardly beyond the inside of 
the cover bolts.) Then 


Clamping force to be exerted on gasket for securing fluid-tightness 


I * 17 rp 

4 


(Z) 2 - d *) 


and 

Axial force (which will be transmitted to the bolts through the 
medium of the pillars) 


F a (from Eq. 4.2). 
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Then 

Total clamping force to be exerted by all the cover bolts 



jrrp / D_±_d_V + (Z)2 _ </ 2 ) + p a 

4 \ 2 / 4 


or F el = (^35 1)2 ~ oS^d 2 + 0-5 Dd) + F a 

4 

Then 

Clamping force to be exerted by each cover bolt 



n 


= 2 (1 ' 3 


0-85 d 2 + 0-5 Dd) -f- 


n 


where n = number of bolts employed. 


Eq. 5.1 


Eq. 5.2 


Having thus determined the size of the bolt required may be 
easily determined from a knowledge of the maximum stress to 
which it may be subjected. The fluid-tightness of any bolted joint 
is only secured by the initial tension imposed in the bolts by the 
process of tightening the nuts. If these were just finger-tight 
obviously there would be no pressure-tightness. In the same way 
if too liberal application of force was imparted to the spanner, say 
by excessive hammer blows or by increasing the available leverage 
provided, one might easily induce a stress in the material of the 
bolt in excess of the elastic limit. 

Experiments conducted at Huddersfield Technical College with 
the object of investigating the stresses induced in bolts of various 
sizes, by normal application of manual effort to a standard spanner, 
revealed that in the smaller sizes of bolts the elastic limit was easily 
exceeded, proving their uselessness for pressure work, and substant¬ 
iating the contention of at least one insurance company that bolts 
less in diameter than Jin. should never be used for the joints of steam 
pressure vessels. The results obtained in these tests are shown by 
dotted lines on the graph (see Fig. 5.2) on which is also included a 
curve based on the recommendations of the National Boiler and 
General Insurance Co. Ltd., but somewhat higher values than these 
may be adopted (as shown in the curve for carbon steel bolts) since 
in our expression for F cl we have taken into account practically 
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every contingency of loading that might arise. For high-temperature 
service, high-tensile heat- and creep-resisting bolts are advocated. 



Case 2. Cover Joint with Resilient Gasket continuous to inside of Cover 
Bolts: Pillar Ends continuous through both Flanges , and Nutted. 

In some designs of valves the pillars project through both flanges 
and are nutted on the underside of the body flange, as shown in 
Fig. 5.3. There is no particular virtue in this arrangement which 
possesses many disadvantages. 

The primary function of the pillars is to resist the opening and 
closing forces, and by allowing them to penetrate both cover flanges 
an additional load is imposed upon them since they have to bear 
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share of the total clamping force required to secure fluid-tightness 
of the joint. This calls for a proportionate increase in their core 
area as compared with that required in the bolts proper, with the 
result that the diameter of the 
cover-joint flanges requires to be 
increased in order to accommodate 
the relatively large nuts on the ends 
of the pillars. There is a tendency 

under such circumstances to make 
the screwed terminations of the pillars 
too small in diameter for the forces 
imposed upon them and leakage of 
the joint in the proximity of the pillars 
may ensue. Moreover, the increased 
pillar-centre distance thus occasioned 
brings about a substantial increase in 
the dimensions of the crosshead, gi vi ng 
the valve a top-heavy appearance, 
to say nothing of adding to the cost 
unnecessarily. In this case Fig - 5-3 

Total clamping force to be exerted by cover bolts, including pillars 

r total force exerted by' 
pressure acting upon + 

Lexposed area of cover. 

Note that the axial force F a is missing from this relationship 
since the pillars, passing through—instead of being screwed into— 
the cover plate, do not transmit the forces in them to the plate, 
but to the body flange only. Then 

= ^ 2 + -ft (Z) 2 - d'-) 

and 

Clamping force to be exerted by each bolt and pillar 



total force to be 
exerted upon gasket 


c 2 


c 2 


e2 


n 


TTp 

4 * 


(i*35 D 2 — 0*85 d 2 + 0*5 Dd) 


Eq. 5-3 


where n = number of bolts, including pillars (usually two pillars). 

Case 3. Cover Joint with Metal-to-metal Spigoted Joint on inside of 
Cover Bolts: Pillars screwed into Cover Plate. 

For steam pressures in excess of say 250 lb/in. 2 it is customary to 
discard the practice of employing resilient gaskets, and to rely on 
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the effectiveness of an accurately machined, and preferably ground, 
metal-to-metal spigot and faucet joint as shown in Fig. 5.4. In this 
case the actual area subjected to pressure is determinable with an 
even greater degree of accuracy than in the two foregoing cases. 

In an alternative design a brass or nickel corrugated ring (some¬ 
times referred to as a Taylor’s ring) may be sandwiched between the 



Fig. 5.4 Fig. 5.5 


two faces, as shown in detail in Fig. 5.5, but the procedure is the 

same in both cases, in so far as the evaluation of the forces acting 
is concerned. 

In the present case a design embodying screwed-in pillars will 
be considered, the disadvantages associated with the practice of 
employing pillars projecting through the two flanges, as previously 
deprecated, will be all the more apparent in valves for the higher 
pressures, and unworthy of consideration. 

Proceeding as before, and taking a unit clamping pressure of 

lm 75P 

Total clamping force to be exerted by cover bolts 

'total force exerted by' 

= pressure acting upon ex- -f- 
.posed area of cover 

F a = 7 M 2 + 175 rrpsd, + F a 
4 


total force to be 
exerted upon joint 


+ 


axial 

force 


or 
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whence 


F c 3 = ? (ds 2 + 7*0 + ^ 
4 


and 


Clamping force to be exerted by ^ bolt 


_c 3 

72 


2 W + +7 


• Eq. 5.4 


r 

The width of the spigot j may be taken equal to -f + o-i in. 


£ 
20 


Example ... 

Determine the maximum total tensile force in the cover bolts and pillars 
of a 7-in. screw-down stop valve, working pressure 250 lb-in.-, from the 
following data: Distance between bolts (or outside diameter of gasket) 
12a in., diameter of spigot for locating cover gf in., axial force to effectively 
close valve 12,000 lb. Pillars to be of the screwed-in type. Number of 
bolts 10. (This is an example of Case 1 and Eq. 5.1 should therefore be used). 


F ei = ^ (i*35-D 2 —0 85 d 2 + 0-5 Dd) + 

= 3 '4 x 2 5° [i- 35 (i 2 i) 2 -o-8 5 (gi) 2 + 0-5 x x gi] + 
4 x 10 

= 4,940 lb 


12,000 

10 


Adopting i-in. diameter B.S.W. bolts, core area 0-422 in. 2 , the stress 

imposed = = 11,680 lb/in. 2 , or approximately 5i ton/in. 2 This value 

r 0-422 

is in accordance with the values given in the graph (Fig. 5.2). 

Now consider the same valve but with the pillars projecting through 
both cover flanges (Case 2). 

Total clamping force to be exerted by each bolt and pillar 


= F 


e2 


= — (i- 35-D 2 —o-8 5</ 2 + 0-5 Dd) 

471 

= 3 7 v X in 5 ° t 1 "35 X ( I2 I) 2 -0-85 x (9i) 2 + 0-5 x I2| x 9l] 

4 a 10 

= 3,770 lb 

This is the force contributed by each pillar and bolt in order to maintain 
fluid-tightness of the joint and to resist the force imposed by the pressure 
of the working fluid acting upon the plate. 
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Since the pillars project through the cover flanges, serving as bolts, they 
will require to resist the above force of 3,770 lb together with the axial 
force imposed in the process of closing the valve against all resistances. 
Consequently 


Total force in each pillar = F ei 4 - 



12,000 
= 3,770 + —— 


= 9,770 lb 

(as against 6,000 lb had they been simply screwed-in). 

Adopting 11 in. B.S.W. the core area is 0 697 in. 2 and the stress 


9,770 

0-607 


— 14,000 lb/in. 2 approximately, a somewhat high value for mild 


steel from which these members are generally made, and indicating that 
the selected value of i£in. B.S.W. was on the low side, and that i£in. 
B.S.W. would have been a wiser selection. As likely as not a size of 1 in. 
B.S.W. would have been chosen in practice with perfect equanimity as 
being more in keeping with the size of the bolts and in order to keep the 
diameter of the flange as small as possible, in which event the stress induced 
would have been proportionately higher. 

It might be argued that the cover bolts could be made somewhat larger, 
or their number increased, so as to relieve the pillars of much of their load, 
but a moment’s reflection will reveal that the pressure load on the cover 
must be evenly resisted by the various fastenings, whether these be bolts 
or pillars. 

Where the pillars are simply screwed into the top cover plate conditions 
are somewhat different. 

Here, the load imparted to each pillar will be half the axial load which 
we have seen is 6,000 lb. Adopting the same working stress as above, 
namely 14,000 lb/in. 2 , we have 


6,000 

Core area of pillar = - 

r 14,000 


= 0-428 in. 2 corresponding to f in. B.S.W. (approx.) 


Now consider Case 3 (cover plate with metal-to-metal spigoted joint). 
The mean diameter of the spigot may be taken to be 11 £ in. and the 
width & in.; other data as in the two previous cases; pillars screwed in. 
Total clamping force per bolt 

= F C 3 


" (</.* + 7 id.) + ~ (see Eq. 5.4) 

3-14 X 250 . „ . .. . , 12,000 

— -— (11 *5 2 -f 7 x & x 11-5) 4 - 

4 x 10 v J ° 10 

4,880 lb 


This result is close to that obtained in the first example taken so we may 
conclude that £-in. B.S.W. bolts would be suitable. 
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The attachment of the spindle to the valve member should be 
arranged in such a manner as to permit each to rotate mdependen y 
of the other, whilst permitting some degree of relative transverse 
flexibility. The reason for this should be obvious. If the spindle 
be rigidly attached to the valve disc (as in Fig. 5.6 (a)) it will be 







Fig. 5.6. 



subjected to a combination of torsional and compressive stresses during 
the closing stages, that is, when the valve member has made contact 
with the seating member. If freedom of rotation is permitted 
(as in Fig. 5.6 ( b )) then the spindle can only be subjected to compressive 
stress at any time unless it is of the one-piece type, about which we 
shall have more to say. 

When the spindle is rigidly attached to the valve member, the 
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latter will be denied any self-aligning tendencies so essential to 
ensuring uniform clamping pressure between the two seating 
members. In other words the valve member should be permitted 
some amount of “float,” since it is too much to expect that the valve 
seating faces will present an angle of exactly go° with the axis of 
the spindle. Even if such accuracy was obtained initially, differen¬ 
tial expansion under the influence of temperature changes might 
nullify such accuracy. 

Flexibility may be obtained in those designs where the spindle is 
rigidly attached to the valve member by arranging the spindle in 
two pieces, as shown in Fig. 5.6 ( b ), provided the upper and lower 
portions are permitted to rotate independently of one another, 
although this arrangement does not provide for much relative 
movement since lateral displacement of the lower spindle is limited to 
the small amount of clearance provided in the base of the stuffing box. 

Fig. 5.6 ( c ) depicts good practice in the case of a “one-piece” 
spindle, from which it will be seen that it is free to rotate independ¬ 
ently of the valve member, the latter being allowed some amount 
of lateral displacement, thus making it self-aligning. Additionally, 
the valve member receives some support from the retaining bush, 
in consequence of which there is no necessity to provide guide webs 
projecting into the seating, thus removing a common cause of 
restriction to flow of the working fluid. 

Fig. 5.6 ( d) depicts an ideal arrangement of a two-piece spindle 
wherein not only is the lower spindle permitted freedom of rotation 
within the valve member, but also the two companion spindles are 
permitted to rotate independently, thus obviating any stiffness in 
operation. 

Assuming, therefore, that we are concerned only with valves in 
which the foregoing points are rigorously observed, we may proceed 
on the assumption that the actuating spindle will only be subjected 
to compressive forces in the process of tightening down. 

At all events we are spared thereby the uncertainty attending 
any calculations with the object of ascertaining the complex stresses 
induced by a combination of forces whose determination would be 
based on some amount of speculative conjecture. 

Taking d s to be the minimum diameter of the spindle 



where f e = the maximum permissible compressive stress and F a = 
the total axial force required to close the valve, previously derived 
(see Chap. 4). 
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Transposing 


S 



Eq. 5-5 


Experience has shown that strict compliance with the results 
obtained from the above relation are not in accord with practica 
requirements, resulting in a spindle lacking in lateral stiffness in 
the case of the smaller sizes of valves. Accordingly, practical 



Fig. 5.7 


considerations indicate that a constant k s be incorporated in the 
above expression, values of k s based on the nominal diameter of the 
valve being given in the graph (see Fig. 5.7). 

Therefore Eq. 5.5 may be written 


or 



. Eq. 5.6 


Values of/0, the permissible compressive stress, are given in Table 5.1 
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It must be remembered that Eq. 5.6 gives the minimum diameter 
required. In the case of valves employing a “one-piece” spindle 
{see Fig. 5.6 (c)) the diameter is that of the core diameter of the 
threaded portion, and that part of the spindle passing through the 
stuffing box will require to be made at least equal to the external 
diameter of the threaded portion. 


' Table 5.1. Allowable Compressive Stresses for Materials of Valve Spindles 

(Temperatures not exceeding 45Q°F) 


Material 

Compressive Stress f c 
lb/in. a 

Remarks 

Brass (cast) 

1,400 to 1,700 

Not recommended for valve 
spindles, although often 
employed 

Gunmetal 

8,500 to 14,000 

Delta metal (rolled) . 

12,500 to 17,000 


Manganese bronze (rolled). 

14,000 to 15,000 


Mild steel 

13,000 to 17,000 

Not recommended for con¬ 
tact with steam, water or 
other corrosive media 

“Monel” metal 

12,000 tO 16,000 

Recommended for high 
temperatures 

Nickel-chrome steel . 

14,000 tO 20,000 

Recommended for high 
temperatures 


The values of f c in Table 5.1 are those obtaining under normal 
temperature conditions, say up to 450° F. Where higher tempera¬ 
tures are encountered the permissible stress should be reduced 
accordingly. The strength of the bronzes falls rapidly at tempera¬ 
tures exceeding 450°F and mild steel suffers a similar decline at a 
temperature of approximately 700°F. For high temperatures the 
substitution of nickel-bronze, “Monel,” or “Stainless” steel is 
advocated. Even under normal temperature conditions the use of 
these materials is worthy of consideration. 

The choice of mean diameter and pitch of thread to give the 
desired mechanical advantage may have some bearing on fixing the 
final diameter of the spindle. In the case of “two-piece” spindles 
the upper portion may be substantially larger in diameter than the 
bottom portion. This, of course, is impracticable in the case of the 
“one-piece” spindle, from considerations of assembly. 

Length of Spindle Thread Engagement 

The length of thread engagement of the spindle within the 
crosshead is not always determined from considerations of the 
shearing forces imposed so much as upon the area presented to 
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resist wear. If insufficient bearing area is provided, failure may 
occur due to flaking or pitting of the surfaces in contact. Accord¬ 
ingly, the intensity of pressure must be kept well below the figu 

at which pitting will occur. .... „ • 

Lubrication of the thread surfaces will appreciably increase thei 

wear resistance but where such provision is made it is often neglected 

by those whose duty it is to maintain the valve in good condition. 



Fig. 5.8 


It will generally be found that where conditions of wear resistance 
are fully met the resulting length of thread engagement will be 
sufficient to provide ample resistance to the shearing force imposed, 
although this relation should not be deemed to apply in every case. 
Experience points to adequate shear resistance being obtained 
where the length of thread engagement is not less than the outside 
diameter of the screw. 

Referring to Fig. 5.8 

Projected area of bearing surface of one complete thread 

, P 

= ' nd m-- 
7 T 

2 P^m 


and 

Number of bearing surfaces 


h 

p 
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Therefore 


Total projected area of bearing surfaces in length l t 




7 T 




and 


Maximum allowable thrust 


2 ^mJJ't 


where f v = maximum allowable intensity of bearing pressure, and 
this must equal axial thrust F a} previously determined. 


Then 



Eq. 5.7. 


The value of f 9 varies according to the characteristics of the 
materials employed and to the amount of lubrication, if any, 
provided. With the usual combination of gunmetal spindle and 
steel crosshead, values for f v of 1,000 to 1,500 lb/in. 2 are recom¬ 
mended. Where means of lubrication is provided these values may 
be increased. 


Spindle End Attachment to Handwheel 

The attachment of the spindle to the handwheel may be accomp¬ 
lished in a variety of ways. At one time it was common practice 
to provide a square termination to the spindle arranged to engage 
with a correspondingly squared cored hole in the handwheel (see 
Fig. 5.9) and this expedient is still favoured by manufacturers in 
the case of very small valves where space limitations preclude the 
adoption of anything more pretentious. 

The squared attachment, whilst effective, is uneconomical from 
a machining standpoint. It does not lend itself to mass-production 
methods since the hole cored in the wheel boss is usually left in the 
“as cast” condition and the spindle termination is generally filed 
up by hand to suit, thus negativing any attempts at interchange- 
ability. Additionally, from considerations of moulding, the square 
hole must be given slight taper, again adding to the difficulties of 
machining and, being invariably chill-cast, is difficult to file or 
broach. The size of squared termination will need to be determined. 

The polar modulus of a shaft of square section is given by 0*208^ 
where s is the length of side of each square, whence the torsional 
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moment, or torque £= 0-2081% where/, is the maximum permiss¬ 
ible shear stress. Then 

x = 3 /^%7 • • • • Eq-5-8 

V 0*208/ 

(Note that f a is equally a maximum at the centre of each side but 
is zero at each corner and, of course, at the geometrical centre.) 



Fig. 5.9. Square-ended Spindle and Handwheel 


A more satisfactory attachment is provided by the cylindrical 
termination fitted with sunk key, either rectangular or square in 
section or, if preferred, with the Woodruff type; this method lends 
itself to mass production and interchangeability, the wheel boss 
being cast solid, drilled and keywayed to suit the spindle termin¬ 
ation as shown in Fig. 5.10 in which a Woodruff key and a plain 
sunk key are alternatively portrayed. 

Since the presence of a keyseat cannot be accurately accounted 
for in any mathematical treatment on the strength of a shaft 
subjected to torsion, resort must be made to the results of direct 
experiment to establish the weakening effect induced by the presence 
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of a keyseat. {Note. A keyseat is the slot formed in a shaft to accom¬ 
modate a key; a keyway the slot formed in a wheel boss for the same 
purpose.) Such experiments reveal that where a key is made to 
the usual proportions, i.e. width of key equals one-quarter the 
diameter of the shaft, and depth of keyseat equals one-half the 
width of the key (one-eighth the diameter of the shaft) the resulting 
shaft is weakened by about 19 per cent. Another empirical rule in 



Fig. 5.10. Valve Spindle Terminations 


very close agreement with this experimental evidence is that the 
strength of a shaft having a sunken keyseat is equal to that of a 
plain shaft whose diameter is less than that of the actual shaft by 
one-half the depth of the keyseat. 

Expressed algebraically 



or 


• Eq. 5.9 
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where d e = equivalent diameter of plain shaft 
and <4 = diameter of shaft having a keyseat of standard 
proportions 

7 T 

The polar modulus of a shaft of circular section is d* where 

d e = diameter of shaft, whence the torsional moment, or torque 
Q, is given by 

O'=76 d ‘ f ‘ 


v, ^ * hM 

whence = V -nf a ' 

or, making allowance for the presence of a key 
proportions 


. Eq. 5.10 
of standard 



. Eq. 5. 11 


Where a Woodruff key is fitted, the value of d k derived from 
Eq. 5.11 should be increased somewhat to compensate for the 
enhanced weakening effect occasioned by the deeper keyseat. 


The permissible shear stress f s in the material of the spindle may 
be assigned the following values 


Brass .....< 
Gunmetal . 

Nickel-chrome (stainless) Steel . 
Phosphor-bronze, cast 
Phosphor-bronze, rolled 
Steel : 

Mild, o-i per cent carbon 
Medium, 0*3 to 0*5 per cent carbon 
(annealed) . 

(hard) 0*5 to 0-7 per cent carbon. 


lb/in. 2 

• 3,75° 

. 5,600 

. 12,000 

. 4,200 (average) 

. 6,500 

. 8,500 

• 9>5°° 

• 9*250 


4 —(T. 710 ) 
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The foregoing formulae should be used with discretion; for 

example, for the sake of avoiding unnecessary machining, and 

perhaps for the sake of appearance, it may be desirable to adopt a 

diameter in excess of that calculated. A minimum width of shoulder 

should be left at the junction of the termination proper with that 

of the adjacent portion of the spindle. This will be quite clear from 
Fig. 5.10. 

Crosshead 

It will be appreciated that this member is subjected to the full 
axial force of the spindle in the process of closing the valve and by 
the pressure acting upon the valve member when the valve is closed. 
Being virtually a beam loaded more or less at the centre of the span 
(actually the loading is not concentrated at the geometrical centre 
but on an annulus) it is desirable to keep the span as short as possible 
and so restrict the size of the crosshead to the absolute minimum 
consistent with the necessity of providing the requisite strength. 

. In th * s con nexion those designs wherein the pillars are screwed 
into the cover plate permit of the smallest possible span being 
arranged, apart from all other considerations previously mentioned. 

Whether or not the supports (the pillars, in our case) may be 
deemed to be fixed (encastre) or simply supported (cf. the theory of 
beams) is open to speculation. They are really neither one thing nor 
the other but in this particular instance, and in the absence of any 
concrete evidence to the contrary, we may regard the conditions 
of support as being equivalent to that of a beam simply supported , 
which assumption errs on the right side. 

Since the actuating spindle is positively attached to the crosshead, 
by virtue of being in threaded engagement, it is reasonably accurate 
to assume that the crosshead is loaded at the centre. 

Applying the usual relationship for a beam so loaded 

M = fZ 

where M = the bending moment 

f — the stress at the remote surfaces 
(f t = tensile stress and 
f c — compressive stress) 

Z~ the section modulus at the point where the bending 
moment is at maximum, i.e. at the centre of the span 



Then 


where F a 
and L 
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= the maximum axial force transmitted by the spindle 
= the span (or pillar centres). 
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Transposing 


z 


F J± 

4 / 


The mid-section containing the threaded hole engaging with the 
actuating spindle is our chief concern since this is situated where 



the maximum bending moment, and consequently maximum stress, 
occurs. The transverse section on this plane will be as denoted in 
Fig. 5.11 and the section modulus Z f° r such a section may be taken 
as 

h 2 

Z=-(b-dj 


where d. 


m 


Then 


the mean diameter of the spindle threads. 

h 2 

-g (6 — d m ) = 


F a L 


4 / 


whence 


/ 6 F a l 

V \f(b - 



4 f(b - dj 

'■bF*L 


f(b d m ) ■ ■ Eq5 ’ 12 

Note that h should not be less than l t the minimum length of 
thread engagement derived from Eq. 5*7. In calculations such as 
these, where there are a number of arbitrary variables, some amount 
of adjustment may have to be made before a satisfactory combina¬ 
tion of dimensions is ultimately determined. Thus if A, the depth of 
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the crosshead, works out less than the depth derived from considera¬ 
tions of effective length of thread engagement, it will be necessary 
to adopt the higher value and calculate the width b from the 
following transposition of the preceding treatment 



. Eq. 5.13 


Since crossheads are usually carbon steel forgings or stampings, 
or cut from mild steel bar stock, f t the maximum permissible tensile 



Fig. 5.12 


stress may be taken equal to 20,000 lb/in. 2 for steel forgings and 
10,000 lb/in. 2 for mild steel. 

If sand-cast gunmetal crossheads are employed (as is sometimes 
the case in small valves) f t may be taken as 6,000 lb/in. 2 

On no account should cast iron be used. 

The usual combination of steel crosshead and gunmetal spindle 
is quite satisfactory where the length of thread engagement is of the 
right order, but where a one-piece steel spindle is employed the 
better alternative is to fit the crosshead with a non-ferrous bush 
preferably of hard-wearing gunmetal, an example of which is shown 
in Fig. 5.12. 

The crosshead is also subject to shearing forces in the vicinity of 
the pillars but unless the crosshead is thinned down excessively at 
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these points the shear stress imposed is amply catered for by the 
amount of material required to provide “cover” for the pillar-end 
nuts. Where any doubt exists the strength at these points should be 

investigated. 

Handwheel 

From the wide variety of handwheels encountered in valve 
practice a diversity of opinion would appear to exist regarding the 
manner in which these should be proportioned so as to effect the 
best compromise between the two essentials of utility and simplicity 

of manufacture. 

Many text books on engineering design generally devote a section 
to the proportioning of such common details as pulley wheels, gear 
wheels, etc., but are, for the most part, silent on the subject of the 
common handwheel, the authors, no doubt, believing these to be 
insignificant items of construction best left to the whim of the 
designer. 

As an example of the imagination, or lack of it, exhibited in the 
design of some handwheels may be cited the case where these are 
so liberally proportioned as to prevent anyone except a giant from 
affording a grip of the rim. One such handwheel discovered on a 
valve taken out of the Severn Tunnel had a rim 2$ in. thick, yet 
it should not be necessary to draw attention to the fact that whilst 
a proportionate increase in certain dimensions of the handwheel 
may be expected to accompany an increase in the diameter of the 
valve, the hand of the operator suffers no corresponding change in 
dimensions. 

The rim of the handwheel should be comfortable to the grip; in 
fact, it should present an inviting appearance and be carefully 
examined before assembly with a view to removing any excrescences 
likely to damage the hand. 

In the design of a handwheel no reliance can be placed on the 
method prevalent in some circles to assign to it a diameter that 
tones with some key dimension of the valve to which it is adjunct. 
The correct diameter is that which will provide sufficient leverage 
to enable the valve to be operated against the intended pressure 
without undue manual effort. 

Moreover, any valve, whatever its purpose, should be fitted with 
a handwheel of such a diameter as will render it capable of being 
operated by one man unaided at any time , irrespective of the pressure 
conditions prevailing, since occasions may arise where a speedy 
shut-down is imperative in the interests of safety. 

The spokes of the handwheel are each subjected to bending 
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forces, the effect of which is more pronounced at the point where 
they join the central boss, but if these are to be proportioned in 
accordance with the bending stresses imposed, the resulting hand- 
wheel would be inordinately weak from a casting point of view 
and its consequent frailty would not fit it for any subsequent harsh 
treatment, either in transit or in operation. 

Accordingly, such details are proportioned more from considera¬ 
tions of moulding and treatment meted out to it in service than 
from purely theoretical considerations. 

Steam valve handwheels are usually of the form shown in Fig. 5.13 
employing straight radial spokes or arms of quasi-elliptical section. 
No explanation is offered for this particular preference for straight 
spokes, but it seems to be established custom to fit steam valves with 
handwheels of this pattern, the curved spoke variety, by the same 
token, being ostensibly reserved for valves of the wedge-gate and 
other types of low-pressure hydraulic valves. 

The data tabulated in Fig. 5.13 will provide the necessary 
additional information when once the required outside diameter 
has been determined, although the dimensions given may be 
modified according to individual preference. The rim of the hand- 
wheel depicted is somewhat unique in that both the inside and 
outside surfaces are notched in a manner calculated to afford the 
maximum handgrip, a feature worthy of adoption, especially in 
those applications where an oily atmosphere prevails (e.g. ships’ 
engine rooms). 

For small-bore high-quality steam valves, bakelite or similar 
composition handwheels are often favoured, being cheap and some¬ 
what more prepossessing than cast iron more commonly employed. 
An example of such a handwheel is given in Fig. 5.14 together 
with dimensions of the more popular sizes. 

A 30-in. diameter handwheel should be regarded as the largest 
that can be satisfactorily manipulated by one man unaided. Hand- 
wheels of larger diameter are not conducive to the best effort being 
obtained by the operator who would be compelled to adopt an 
awkward stance with arms outstretched in an attempt to provide 
the maximum torque effect. 

Having thus described the basic principles underlying the design 
of screw-down valves, it is fitting to conclude with an example of 
outstanding merit, namely the “Triad” junction stop valve manu¬ 
factured by Hopkinsons Ltd., Huddersfield (Fig. 5.15). This 
reveals a number of features not included in the usual assortment 
of screw-down valves encountered. 

The angle, or junction, valve has been chosen by way of illustration 
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since this is the one most favoured as a boiler stop valve, particularly 
on boilers of the Lancashire, Cornish, Economic, and “shell” 
types generally. The same essential features, however, are retained 
in the globe pattern, the only difference between the two being in 
the bodies, the globe pattern often being favoured as an engine 
stop valve. 
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Fig. 5.14. Plastic Handwheels 


The valve member is of simple design, being devoid of wings or 
other guides likely to cause obstruction to free flow. The seating 
faces are flat and thus permit of some slight amount of relative 
lateral displacement under varying temperature conditions, whilst 
the spindle is permitted some amount of axial displacement under 
the influence of high temperature, thus relieving this member of 
much of the stress to which it would otherwise be subjected. 
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Fig. 5.15. Hopkinson’s “Triad” Junction Stop Valve 

(Reproduced by courtesy of Messrs. Hopkinsons, Ltd., Huddersfield) 
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Valves of 4-in. bore and over are fitted with a rotate spindle, as 
illustrated, the purpose being to provide means of rotating the 
valve member on its seating independently of rotation of the 
actuating screw. This enables the position of the valvemember 
relative to its seating to be varied at will in the final closure position 
in addition to affording means of wiping the faces clear of any 
foreign matter. The conditions of the seating faces is thus main¬ 
tained over a longer period than would be the case if the valve 
member always came to rest in the same position each time the 
valve was operated. 

The valve member and its seating are of Platnam , a nickel alloy 
of outstanding durability under the severest conditions of pressure 
and temperature. The locking device featured in the example 
illustrated is fitted as an extra when specified, and a closure indicator 
may be likewise included. 

Soot-blower and bypass connexions may be similarly arranged. 
The valve is designed for pressures up to a maximum of 450 lb/in. 2 
steam and 600 lb/in. 2 water (or air') and for temperatures up to 
8oo°F. 

Stuffing Boxes, Glands and Packings 

The depth of the stuffing box cavity is dependent upon the 
number of turns of packing required to give effective sealing, and 
this in turn depends upon the pressure and temperature conditions. 
The best form of soft packing to employ for steam service is good 
quality square-section graphited asbestos, preferably of a type 
reinforced by anti-friction wire. A reinforcement of low melting-point 
would be no good, of course, at high temperatures. 

Cheap packings are worse than useless and might easily condemn 
what is otherwise a well-designed valve. 

On superheated steam a packing containing rubber or tallow is 
similarly worthless; in fact it should be shunned for all steam duties 
irrespective of temperature. Many new valves require to be 
repacked after only a few hours of service due to the inferior nature 
of the packing fitted and this is a distinct reflection on the maker’s 
integrity. 

Table 5.2 gives recommendations to guide selection of the grade 
best suited for given conditions. 

Assuming that only block packing will be employed, the depth 
of the stuffing box may be given in terms of the number of turns 
of packing required for the pressure conditions obtaining. Allowance 
should be made for accommodating a few turns of soft header 
material above and below the segmental packing. 
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Table 5.2. Recommended List of Gland Packings* 


Application 


Description 


Construction 


Standard 

Dimensions 


Saturated steam 

L.P. 


Ditto 


Saturated steam 

H.P. 


Saturated steam 

L.P. and H.P. 


Superheated steam 
L.P. and H.P. 


“Quadruple’ 
packing “B” 


“Quadruple* 
packing “C 


Metallic “Wag- 
ger” packing, 
round or square 
section 

“Syren** asbestos 
packing “A” 


“Salamander” 
diagonal pack¬ 


ing “A** 


Proofed asbestos cloth 
in combination with 
heavy anti-friction 
metal wire coated 
with graphite woven 
into the cloth and 
exposed on the sur¬ 
face 

Ditto but with lighter 
grade of anti-friction 
wire covered with 
asbestos 

Asbestos yam, each 
strand reinforced by 
a fine brass wire 

Proofed asbestos cloth 
vulcanized and gra- 
phited. Slats of anti¬ 
friction metal em¬ 
bedded in the 
packing 

Alternate layers of 
proofed asbestos cloth 
and anti-friction 
metal in diagonal 
form 


i in. square ris¬ 
ing by jg in. to 
30-ft coil 


l in. square ris¬ 
ing by -fa in. to 
12^-ft coil 

i in. square or 
dia. rising by^r 
in. to 30-ft coil 

£ in. square ris¬ 
ing by in. to 
10-ft coils 


£ in. square ris¬ 
ing by in. to 

12-ft coil 


* From information supplied by Bells Asbestos & Engineering Co., Ltd. 


Fig. 5.16 embodies the essential requirements of a valve stuffing 
box and gland whilst the graph (see Fig. 5.17) simplifies the task 
of determining D g , the outside diameter of the stuffing box corres¬ 
ponding to a known value of d, the diameter of the spindle (or trunk, 
as the case may be) and the width of packing w . These values are 
based on successful practice rather than upon any mathematical 
premise. 

Curve 1, represented by an unbroken line, gives the outside 
diameter of the stuffing box D g in terms of d. Curves 2 and 3 have 
been added to increase the usefulness of the diagram since by the 
inclusion of curve 3, representing the diameter of the spindle d , a 
ready means of determining the width of the packing annulus 
w is provided, simply by taking a vertical reading between curves 
1 and 3-and halving the figure thus obtained. 



2 


Obviously 
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To simplify even this simple task the broken curve 2 (disposed 
midway between curves 1 and 3) has been added, from which w 
may be read off conveniently. 

Thus the diameter of stuffing box for a 4-in. diameter spindle, 
for example, would be 5*4 in. whilst w would be 0*7 in. 

In a correctly proportioned stuffing box employing the correct 
grade of packing, fluid-tightness is achieved with only a nominal 



amount of tension in the holding-down studs or bolts. When leakage 
at the gland is only arrested by excessive tightening down, this may 
be generally attributed to too shallow a stuffing box, in which event 
the packing medium is compressed to such an extent as to localize 
its grip on the spindle instead of imparting a gently applied wiping 
effect, as is most desirable. Excessive gripping of the rod will sooner 
or later cause grooving and pitting of this member, in which case 
the resulting leakage—in the case of steam—will aggravate this 
condition due to the wiredrawing effect induced. 
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As the extent of the frictional grip of the packing on the rod (and 
on the wall of the stuffing box cavity) cannot be accurately 
determined, and will vary according to the clamping pressure 
exerted by the holding-down studs, it is impossible to forecast 
accurately the force to be imparted by these items. It appears 
logical to infer that the maximum load to which these may be 
subjected will be that imposed by the steam pressure acting on the 



Fig. 5.17. Stuffing Boxes 

annulus bounded by the outer and inner diameters of the stuffing 
box cavity; but this would imply that the packing as a whole was 
capable of endwise displacement en bloc , and such is not the case. 
Experience suggests that the packing exerts a grip on the walls of 
the stuffing box and on the surface of the rod to the exclusion of any 
endwise movement. 

The tensile force to be resisted by the gland studs is not the only 
criterion of design; these must be sufficiently robust to provide for 
repeated tightening of the nuts and have a coarseness of thread 
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which will fit them for service over a long period without stripping, 
since renewal is not always easy. Some makers favour tee-headed 
gland bolts housed in suitable recesses in the gland boss, the renewal 

of which is very simple. 

An examination of the various types and sizes of valves would 
appear to indicate that the diameter of the stud is a function of the 
rod diameter and conforms approxi¬ 
mately to a parabolic law, as exhibited 
in the graph of Fig. 5.18, irrespective 
of the number of studs employed. 

Brass nuts are recommended as a 
precaution against the stud and nut 
becoming rustbound and thus defying 
easy adjustment. For marine service 
phosphor-bronze or naval brass studs 
should be employed on account of their 
greater immunity from attack by salt¬ 
laden atmosphere. Notwithstanding 
the results obtained from Fig. 5.18, 
studs less than £ in. in diameter are 
not recommended except in the case 
of small gunmetal valves. 

The number of studs to employ is a 
matter of individual preference; two 
will suffice in the case of valves up to, say, 4-in. bore destined 
for normal pressures, whilst three, or four, are recommended for 
the larger sizes, although no hard and fast rules can be laid down 
in this respect. 

In the case of very small low-pressure valves where space is 
always a limiting factor, studs may be dispensed with in favour of 
a screwed follower-nut and ferrule as shown in Fig. 5.19. 

With this type care should be taken to ensure that the follower- 
nut has a reasonable length of thread engagement with the ferrule 
in the initial position shown, i.e. with the chamfered end flush with 
the top of the box. 





CHAPTER 6 


PARALLEL SLIDE VALVES 

The type of parallel slide valve embodying spring-between-disc 
closure mechanism offers advantages over those employing other 
means for achieving closure-tightness, a fact which, perhaps, is not 
fully appreciated by many valve users and others. 

A careful study of this particular mechanism will reveal many 
outstanding features; apart from its extreme simplicity, which 
cannot be denied, it is the embodiment of sound engineering 
principles. Firstly, we have the simple manner of effecting closure- 
tightness by utilizing the line pressure and, secondly, which is 
perhaps its most meritorious feature, a mechanism whose operation 
is unaffected by changes in temperature, since any dimensional 
changes due to expansion are accommodated by the flexibility of 
the closure members. Thus there can be little chance of the internal 
working parts binding if the requisite working clearances are allowed 

The conditions governing fluid-tightness in a parallel slide valve 
of this type are entirely different from those which obtain in valves 
of the screw-down type. Whereas fluid-tightness in the latter is 
dependent upon, and to some extent proportional to, the axial 
thrust exerted by the spindle, fluid-tightness in the case of a parallel 
slide valve of the type illustrated is effected by the line pressure 
acting on the face of the discs and is independent of the thrust of the 
spindle which is directed at sliding the discs into position against 
all resistances. In other words, fluid-tightness is effected in much 
the same manner as the slide valve of the steam engine is pressed to 
the port facings. 

The simple, yet efficient, construction of such a valve will be 
apparent from the assembly shown in Fig. 6.1, the closure mechanism 
being shown to better advantage in Fig. 6.2. Two co-planar discs 
are constrained to abut against their respective seatings (under 
no-load conditions) assisted to some extent by a helical spring 
(which may be of round, square or rectangular section “wire”) 
sandwiched between the two discs. It should be mentioned, how¬ 
ever, that the spring is not expected to play anything but a minor 
part in achieving closure-tightness of the valve; a moment’s 
reflection will suggest that a spring of more substantial proportions 
and more on the lines of one required for a safety valve of the same 
bore would be necessitated to achieve this objective, which, of 
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course, is not only impracticable but unnecessary. The real purpose 
of the’ spring is to keep the two discs apart, particularly under 
no-load conditions or conditions of pressure approaching thereto, 
to damp down any tendency towards vibration of the discs and to 
maintain sliding contact of the discs on their respective seatings, 



Fig. 6 . 1 . Parallel Slide Valve 


and as a precaution against the ingress of foreign matter which 
might score the seating faces. 

The thrust exerted by the spring (which is initially compressed) 
cannot be altogether ignored, however, and should be taken into 
account in any calculations relating to the effort required to operate 
the valve, particularly when the valve is of substantial dimensions. 
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Ignoring for the moment the influence of the spring and the 
weight of the working parts, the conditions which make for effective 
closure-tightness are illustrated in Fig. 6.2 wherein the disc remote 
from the inlet side is shown urged on to its respective seating through 

the influence of the line pressure acting on the back faces of the two 
discs. 


This force is transmitted to the seating, and closure-tightness is 
determined by the extent of the mutual clamping pressure exerted 



Fig. 6.2 Fig. 6.3 


between the two contacting faces. Too little pressure will result in 
leakage whilst too much might result in scoring. In a valve of this type, 
having relatively broad faces, an excessively high clamping pressure 
will be somewhat unusual, unless very narrow facings are in evidence, 
due to the relatively wide seatings employed as compared with a 
valve of the screw-down type. This increased face width provides 
a guide for the discs in their passage over the seatings during the 
process of opening and closing the valve; for this latter reason 
alone broad faces are desirable. 

We have seen in the case of the screw-down valve that the 
intensity of clamping pressure to secure closure-tightness should be 
of the order of 1 £ to 2 times the line pressure. In the parallel slide 
valve, with its broader faces, the intensity of clamping pressure 
should be somewhat greater, say 2J times the line pressure. (This 
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value may be reduced to i £ to 2 in the case of smaller valves, say 
up to 2 J-in. bore, in which sizes there is less likelihood of distortion 
due to differential expansion sufficient to impair the seating surfaces.) 

We are enabled to correlate width of seating face, unit clamping 
pressure and the line pressure as follows. 

Referring to Fig. 6.3, 

7T 

Area of seat annulus subject to thrust = — ( D 2 — d 2 ) 

4 


and 


7 T 


Thrust on seat annulus = — 

4 


(Actually it may be somewhat in excess of this figure since we are 
unable to determine with exactitude the precise boundaries across 
the seating face whereat closure-tightness is positively effected; 
but in choosing d> the diameter of the bore of the seating as the 
outermost diameter of our boundary, we are erring on the safe side.) 
Unit clamping pressure on seat annulus to produce effective closure- 
tightness = 2 .^p 

so that 


Total thrust required 


2-57 Tp 


(. D 2 - d 2 ) 


5 

8 


(. D 2 - d 2 ) 


Now 

-3- (-D 2 - 


Y p 



whence 


D = 

: /- + d 2 

v 2*5 



or 


D = 

1-183d 

• 

. Eq. 6.1 

Now 


w = 

D-d 

' 




1*183 d — d 


0*0915^/ 


. Eq. 6.2 


Now consider the effect of the spring interposed between the 
discs. 
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Maximum available sealing force = steam load + spring load 



\d*p + S 

4 


Taking a unit clamping pressure =2*5 p 
as before, then 

Clamping force required to effect closure-tightness 



- d*) 


For minimum seating width the two foregoing expressions should 
be equal, hence 


whence 




7T 


d*) = -d *p + S 




i-4 d 2 + 


i-6 S 

7Tp 


. Eq. 6.3 


The spring load S makes no appreciable difference to the width 
of the seating unless a very stiff spring is employed. The necessity 
for a strong spring does not arise in practice and, if such were 
employed, the task of assembly would be rendered extremely 
difficult and call for some form of pre-compressing gear to facilitate 
assembly, which is undesirable. 

Opinions differ as to the amount of compression to be imparted 
to the spring. Provided the working compression is sufficient to 
maintain reasonably good sliding contact of the two discs over their 
respective seatings under no-load conditions, this is all that is 
required. Heat-resisting stainless steel springs offer many advantages 
for high pressure and temperature service but are naturally more 
costly than the carbon steel springs usually employed. 

As in the case of screw-down valves—or any other valves for that 
matter—the seating rings may be either screwed or pressed , into the 
body of the valve, according to preference. All things considered, 
for parallel slide valves pressed-in seatings are preferable to screwed- 
in seatings, especially in the larger sizes of valves, and whilst they 
cannot justifiably qualify as renewable (as in the case of screwed-in 
seatings) they may easily outlast the life of the valve as a whole, if 
of durable material. Screwed-in seatings require lugs and special 
keys for screwing them into position, and often become distorted in 
the process. The presence of such lugs is responsible for a diminution 
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of area through the valve thoroughfares and this is more pronounced 
in the smaller sizes of valves where the lugs are relatively large 

compared with the bore. , , 

Pressed-in seatings should be forced into the body under a 

hydraulic press when the chances of distortion taking place are 

reduced to a minimum. The seating ring is made an interference 

fit in the housing, a suitable allowance being o-ooi in. per inch 

bore of seating, although this is by no means a hard and fast rule. 


H 

ii 

ii 

ii 


Fig. 6.4 

Various devices are employed for preventing the seatings from 
working loose and the one which would appear to combine the 
greatest effectiveness with simplicity is that portrayed in Fig. 6.4. 
This is particularly effective in the case of cast-iron bodies where 
peening over the body metal cannot be so readily accomplished as 
in the case of steel or gunmetal bodies, cast iron being friable. 

The method of permanently securing the seatings will be apparent 
from a study of Fig. 6.4. The action of forcing the ring into the 
housing causes the small projecting rim shown to be outwardly 
deflected into the radially inclined cavity turned in the bottom of 
the housing, thus providing a very effective lock. The seating 
material, being more ductile than the body metal, will more 
obligingly distort for this purpose. This expedient may be employed 
with equal advantage on steel or gunmetal-bodied valves and 
dispenses with the necessity of subsequent peening over of the body 
metal. 

In the smaller range of valves, say up to 3-in. diameter, it is 
customary to make these entirely of nickel alloy, gunmetal, etc., or 
whatever seating material is preferred, but in the case of the larger 
valves (where the discs would become inordinately large and 
occasion much wasteful use of relatively costly material) the one- 
piece disc becomes prohibitive and recourse must be made to the 
two-piece disc, comprising a steel plate, formed from either a 
casting or pressing, to which is effectively secured a ring of the 
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required seating material. Such a disc is featured in the design 
shown in Fig. 6.5 depicting a Dewrance parallel slide valve for 
high pressure and temperature steam service. 

Discs should be liberally proportioned. As there will be some 
deflection under the influence of the line pressure exerted upon 



Fig. 6.5. Dewrance Parallel Slide Valve with Bypass 

{Reproduced by Courtesy of Messrs. Dewrance and Co. Ltd., London) 


their faces this must be reduced to a negligible amount or leakage 
will result. Where ribbing is resorted to in an attempt to secure 
stiffness without appreciably adding to the weight, this should be 
carried out with caution since the addition of ribs may be a potential 
source of weakness if they are not correctly proportioned with due 
regard to their depth, thickness and the thickness of the plate 
portion. A shallow rib is useless and as space in a valve of this type 
is usually restricted, ribs are often employed which fall far short 
of the designer’s intentions regarding their stiffening propensities, 
and might well be discarded altogether. 
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No specific rules can be propounded as a basis for the design of 
ribbed discs for parallel slide valves since styles vary so much 
between one manufacturer and another, rendering generalization 
impossible. Each size of valve calls for individual treatment and to 
some extent the scantlings should follow the dictates of experience 
where there is no guiding precedent. Some idea of the required 
plate thickness may be gleaned, however, by 
treating the disc as a simply-supported flat 
plate subjected to a uniformly distributed load 
and applying the appropriate flat-plate formulae 
(Pounder’s formulae* give reliable results) but 
the addition of ribs, etc., may easily upset any 
calculations based solely on any “flat-plate” 

theory. . . 

For the sake of economy in the use or ex¬ 
pensive seating materials, the disc may consist 
of a plate in the larger sizes of valves, usually 
of cast or forged steel, into which is pressed a ring of the desired 
seating material. Such an arrangement is shown in Fig. 6.6 in 
which it will be noted that the discs are further secured against 
working loose by peening over the abutting lip formed on the disc. 
It is recommended that the inside edge of the ring be an inter¬ 
ference fit in the housing and the outside edge a clearance fit, 
the idea being to provide a fluid-tight joint at the point where the 
fluid pressure would tend to gain access to the back of the ring. 
Peening over the disc at the point indicated provides a double 
insurance against this eventuality in addition to the other objective 
of preventing the ring from working loose. 

Determination of Axial Force to effect Closure 

In order effectively to close the valve various resistances have to 
be overcome. These, in probable order of importance, are— 

(i) the force of friction due to the line pressure acting on the 
disc, 

(ii) the force opposing the thrust of the actuating screw 
occasioned by the line pressure acting on the unbalanced 
area of the spindle (or trunk) where it passes through the 
stuffing box, 

(iii) the frictional resistance of the stuffing box and gland, 

(iv) collar friction at the spindle abutment, 

♦C. G. Pounder, The Design of Flat Plates, Association of Engineering and Ship¬ 
building Draughtsmen, London. 
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(v) the frictional resistance of the actuating screw, and other 
minor resistances. 


Of these (i), (ii) and (iv) may be calculated with reasonable 
accuracy but the others can only be approximately determined. 

Dealing firstly with (i) the force of friction due to the line pressure 
acting on the downstream disc (this behaving in the manner 
demonstrated in Fig. 6.2), the maximum resistance will occur at 
or about the instant of final closure. During the initial process of 
closing the valve (i.e. before the discs reach their final positions 
between the seatings) the resistance to be overcome will be that 
imposed by the line pressure acting on the unbalanced area of the 
spindle (or trunk) where it passes through the stuffing box and 
various other frictional resistances. 

In the following calculations the weight of the moving pares will 
be disregarded, although their effect would be alternately to assist 
and resist the process of closing the valve. In the larger sizes, how¬ 
ever, where the weights of the moving parts are appreciable, their 
full effect cannot be wholly disregarded. 

The exact point at which closure-tightness is effected during the 
final stages of the travel of the discs over their respective seatings 
can only be determined by direct experiment, since conditions will 
vary between one valve and another, even in identical designs. This 
prevents anything but a close approximation being made of the 
magnitude of the force due to the line pressure acting on the disc. 
For all practical purposes the area subjected to pressure may be 
taken as that circumscribed by the mean diameter of the disc ring 


or facing, denoted by D m , where D m 


D + d 


(see Fig. 6.3). 


Then 


Force on disc (remote from the inlet side) due to line pressure 


= PDJ 

4 

and denoting the axial thrust to be imparted by the actuating 
spindle (or trunk) by P f we have 


P t — 7 ■ ■ • Eq. 6.4 

4 

where p = line pressure 

and [x = coefficient of friction of the seating materials in contact. 

The value of fx will vary according to the temperature of the 
working fluid and its lubricating effect. Since parallel slide valves 
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«“*%£eStiTin order totter for all possible applications. 
S °TInfortunately little information is avatlable on the subject and 
stilVleL on the frictional behaviour of metals at h.gh temperatures, 

— 6 - “ OF 


Material of Seatings 


Disc 


Brass 

Bronze 

Cast iron 

Cast iron 

“Monel” metal 

Nickel-copper-alloy 

Steel (hard) 

Steel (soft) 

Steel (hard) 

Steel (soft) 


Seating 


Cast iron 

Bronze 

Cast iron 

Cast iron 

“Monel” metal 

Nickel-copper-alloy 

Bronze 

Bronze 

Cast iron 

Cast iron 



Static Coefficient 
of Friction 


Lubricated 

Dry 

Dry 

Lubricated 

Dry 

Dry 

Lubricated 

Lubricated 

Lubricated 

Lubricated 


0-15 to 0*23 

0’20 tO 0*26 
0*20 tO 0-25 
O’I 2 tO 0 * 1 6 
0-20 (average) 
0-19 to 0-23 
0-08 to o-10 

0*10 tO 0*12 

O'15 to 018 
0-17 to 0*20 


due, no doubt, to the difficulty attending the design of apparatus 

for carrying out such investigations. . . 

The data embodied in Table 6.1 relates to the frictional properties 

of seating materials commonly employed, gleaned from authoritative 


sources. . , . i i • r 

Some discrimination will require to be exercised in the choice ot 

the appropriate value of //, having regard to the fact that the values 

given are those at normal “room” temperature; in the absence of 

data on friction at elevated temperatures the designer will require 

to make due allowance for a probable accompanying increase in 

the coefficient of friction with the increase in temperature. 

The following rules should be observed in the choice of seating 

materials for parallel slide, or other, valves. 

Gunmetal or other non-ferrous materials should not be used on 
alkalis or alkaline liquors; cast iron is best for this duty, in which 
case the seatings may be formed as raised faces cast integral with 
the body, no renewable seating being required. 

For fresh-water service, hot or cold, or even low-pressure steam, 
gunmetal seatings are quite satisfactory. 

For sea water, Admiralty gunmetal—an alloy of approximately 
88 per cent copper with io per cent tin and 2 per cent zinc—is 
recommended. Bronze or gunmetal should not be used for seatings 
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of steam valves whose working temperature exceeds 475°F; instead, 
nickel-alloy (e.g. “Monel” metal) should be employed. The choice 
of materials for the varied requirements of industry would fill a 
volume itself so this aspect of design will be confined to these few 
remarks. 

Referring to Fig. 6.7 where d b and a denote the diameter and cross- 
sectional area, respectively, of the spindle (or trunks, and P u the 


1 



Fig. 6.7 


upthrust due to the line pressure acting on the unbalanced area 
a, we have 

Pu = «P = 7 K* 

4 

Then Total axial force P e = P f -f- P u 

= 7 PPDJ + 7 M 2 

4 4 


= 7 P(/*DJ + d>*) • Eq.6.5 

4 

P t represents the minimum axial force to be imparted by the 
actuating spindle; actually the force required will be somewhat in 
excess of that determined by the above formula since no allowance 
has been made for the frictional resistance imposed by the stuffing 
box and gland. No definite rules can be laid down for determining 
this resistance since much depends on how* tightly the gland *s 
screwed down. 
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force P t . Hence, Eq. 6.5 may be amended to read 

Total axial force, P{ = 0-825 p(/*DJ + O ■ 6 ‘ 6 

actuating spindle may be determined thus 


&= Tr 


Pt'Pt 




F.n. 6.7 


where Q, = torque required 

T = tangential effort applied to handwheel 

r = effective radius of handwheel 
p t > _ total axial force to close valve against all resistances 

p t = lead of threads on actuating spindle 

and v _ efficiency of screw thread {see Fig. 44 -) 

Denoting diameter of handwheel by D w we have 

D a =*r 

. . Eq. 6.8 

= T * 

In screw-down stop valves actuating spindles having single-start 
threads should be employed but multiple-start threads are to be 
preferred on the spindles of parallel slide valves, for the following 

fe The’total travel of the discs in a parallel slide valve is something 
in excess of the bore of the valve whereas the travel of the valve 
member in a screw-down valve is roughly only one quarter of the 
bore, yet both present the same area of flow, size for size. This will 
be obvious from an inspection of both types of valve. Consequently, 
to effect full travel in the minimum of time multiple-threaded 
spindles are desirable in all but the smallest sizes of parallel slide 

valves. , 

If a single-start thread be employed, cut to lull depth, the core 

area presented is small in comparison with that of a multiple-start 

thread in which the depth is reduced in proportion to the number 

of “starts” and since a parallel slide valve spindle possesses some 

semblance of a strut its cross-sectional area must be preserved. 



HO THE DESIGN OF VALVES AND FITTINGS 

It is scarcely conceivable that easing back of the valve spindle 
under the influence of the line pressure would occur in a parallel 
slide valve since the line pressure is not exerted on so large an area 
as in the case of a screw-down valve where the pressure is exerted 
on the whole of the effective area of the valve member. In a parallel 
slide valve the line pressure tending to open the valve acts on the 
relatively small area presented by the cross-sectional area of the 
spindle (or trunk). This possibility is not quite so remote, however, 
in the smaller sizes and for this reason should not be entirely 
overlooked. 

Since the actuating spindle qualifies as a strut, and more so as 
the valve approaches the fully closed position, the points of restraint 
then becoming more widely separated, the lower portion should be 
designed with regard to its propensities in this connexion. The 
degree of fixity of the ends is open to conjecture but there would 
appear to be ample justification for regarding the spindle as being 
“fixed” at the ends. 

The most suitable formula to apply is the Rankine-Gordon formula 
i.e. 


P 




. Eq. 6.9 


where P ■= crushing or crippling load in tons 

p = crushing or crippling load in ton/in. 2 of section 

f = direct crushing strength of material of spindle, ton/in. 2 

A = area of cross section of spindle at bottom of threads 
in in/ 

L = length of “strut” in inches 

k = least radius of gyration in inches (based on bottom of 
thread diameter) 

and a = a constant (see Table 6.2) 


Values of A , the cross-sectional area at the bottom of the thread 
in square inches corresponding to various values of d, the diameter 
at the bottom of the thread in inches, and k , the radius of gyration 
have been calculated and are given in Table 6.3. Values of d 2 and 
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k 2 have also been included to extend the usefulness of this table to 
problems outside the scope of this volume. 


Table 6.2 


Material 

Direct Crushing Strength/ 
ton/in. 2 

Constant a 

Rankine-Gordon Formula 

Mild Steel 

21 to 25 

1 

16,875 

Nickel Steel 

30 to 35 

I 

20,000 

(stainless steel) 


1 

Gunmetal 

12 to 16 

10,000 

Phosphor-bronze 

21 to 25 

1 

16,000 

(rolled) 


1 

“Monel” . 

20 to 24 

16,000 


It is advisable to assume a value for the root diameter of the 
screwed spindle in the first instance and then to check for A in the 
Rankine-Gordan formula, afterwards making any necessary 

adjustments and repeating the calculations. 

Adopting a factor of safety of 4 and transposing the Rankine- 

Gordon formula— 

- 7- [■+- (*)1 • • • Eq - 6 ' , ° 

The value of A thus derived will show whether any adjustment 
is required to the previously assumed value for the root diameter. 

It may be necessary to indulge in a fair amount of trial and 
error” calculations before a satisfactory solution is obtained. 
Consider a typical example by way of illustration. 

Example 

Determine ( a ) the total axial force required effectively to close a 10-in. 
parallel slide valve, of the type employing a spring between the discs, 
against a steam pressure of 250 lb/in. 2 

(b) The torque required to effect closure. 

(c) The diameter of handwheel required, assuming the maximum 
tangential effort applied at the rim does not exceed 100 lb. 

(d) Whether the selected diameter of the spindle satisfies the require¬ 
ments of a strut. 

Assume nickel alloy seatings. 
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Diameter 

d 


0*300 

0*310 

0*320 

0*330 

0*340 

0*350 

0*360 

0*370 

0*380 

0*390 

0*400 

0*410 

0*420 

0*430 

0.440 

0*450 

0*460 

0*470 

0*480 

0*490 

0*500 

0*510 

0*520 

0*530 

0*540 

0*550 

0*560 

0*570 

0*580 

0*590 

o*6oo 
o*610 
0*620 
0*630 
0*640 
0*650 
o*66o 
0*670 
o*68o 
0*690 
0*700 
0*710 
0*720 
0*730 
0*740 

0*750 

0*760 

0*770 



0-0900 

0-0961 

O-IO24 

0-1089 

0-1156 

0-1225 

o-i2g6 

o- 1369 

0-1444 

0-1521 

o-1600 

0-1681 

0-1764 

o-i84g 

o- ig36 

0-2025 

0-2116 

o-22og 

0-2304 

0-2401 

0-2500 

0-2601 

0-2704 

o-28og 

o-2gi6 

0-3025 

0-3136 

o- 324 g 

0-3364 

0-3481 

0-3600 

0-3721 

0-3844 

o-3g6g 

0-4036 

0-4225 

o- 435 ^ 

0-4483 

0-4624 

0-4761 

0-4300 

0-5041 

0-5184 

0-5323 

0-5476 

0-5625 

0-5776 

0-5323 


Cross-sectional 
Area A 
= 0*7854 d 2 


in.* 



008553 

0*0908 

0*09621 

0*1018 

0*1074 

0*1134 

0*1195 

01257 

0*1320 

0*1385 

0*1452 

0*1521 

o* 1590 
0*1662 
01 735 

0*1810 

o*i 886 

o* 1964 

0*2043 

0*2125 

0*2207 

0*2290 

0*2376 

0*2463 

0*2552 

0*2642 

0*2734 

0*2827 

0*2922 

0*3019 

0*3117 

0*3217 

0*3318 

0*3421 

0*3526 

0*3632 

0*3739 

0*3848 

0*3959 

0*4071 

0*4185 

0*4297 

0*4418 

o *4536 

0*4657 



750 

775 
800 

825 

0*0850 

00875 

0*0900 

00925 

0*0950 

00975 

o* 1000 

0*1025 

0*1050 

0*1075 

0*1100 

0*1125 

0*1150 

0*1175 

0*1200 

0*1225 

0*1250 

0*1275 

0*1300 

0*1325 

0*1350 

0*1375 

0*1400 

0*1425 

0*1450 

0*1475 

0*1500 

0*1525 

0*1550 

01 575 

o*i 600 

0*1625 

0*1650 

0*1675 

0*1700 

0*1725 

O* 1750 

0*1775 

o* 1800 

0*1825 

0*1850 

0*1875 

0*1900 

0*1925 


k 1 = 


7 B 


0-00563 

0-00601 

0-00640 

0-00681 

0-00723 

0-00766 

0-00810 

0-00856 

0-00303 

0-00351 

0-01000 

0-01051 

0-01102 

O-OII56 

0-01210 

0-01271 

OOI323 

0-01381 

O-OI44O 

0-01500 

O-OI563 

0-0I626 

O-O163O 

0-01756 

O-O1823 

O-O183I 

O-OI360 

0-02031 

0-02103 

0-02176 

0-02250 

0-02326 

0-02403 

0‘0248t 

O-O2560 

O-O264I 

0'02722 

0-02806 

O-O283O 

0-02376 

0-03062 

O-O315I 

0-03240 

0-03331 

0-03423 

0-03516 

0 * 05^70 

0-03706 




parallel slide valves 


Diameter 

d 



•78 

•79 
•80 
•81 

0-820 

0-830 

0-840 

0-850 

o-86o 

0-870 

0-880 

0-890 

0-900 

0-910 

0-920 

0-930 

0-940 

0-950 

0-960 

0-970 

0-980 

0-990 

I -000 
I-0I0 

1-040 

1*060 

1-080 

1*100 

1*120 

1*140 

1*160 

1*180 

1*200 

1*220 

1*240 

1*260 

1*280 

1*300 

1*320 

1*340 

1*360 

1*380 

1*400 

1*420 

1*440 

1*460 

1*480 

1*500 


O'6084 
0-6241 
0-6400 
0-6561 
0-6724 
0-6889 
0-7056 
0-7225 

0-7396 

0-7569 

o -7744 

0-7921 

0-8100 

0-8281 

0-8464 

0-8469 

0-8836 

0-9025 

0-9216 

0-9409 

0-9604 

0-9801 

1-0000 

1-0404 

1-0816 

1-1236 

1-1664 

I- 2 I 00 

*'2544 

1-2996 
r 3456 
i '3924 
1-4400 
1-4884 
1-5376 
1-5876 
1-6384 
1-6900 
1-7424 

1-7954 

1-8496 

1-9044 

1- 9600 

2- 0164 
2-0736 
2-1316 
2-1904 
2-2500 


Table 6.3 (cont.) 

Cross-sectional 

Area A 
= 0-7854 d 2 

_ in. 8 _ 

0-4778 

0*4902 
0*5027 

0*5153 

0*53*3 
o*54* * 
0-5542 

0-5675 

0-5944 
0-6015 
0-6082 
0-6221 
0-6362 
0-6504 
0-6648 
0-6793 
0-6940 
0-7088 
0-7238 
0-7390 

0*7543 

0-7698 

0-7854 
0-8171 
0-8495 
0-8825 
0-9161 

0-9503 

0-9852 
1-0207 
1 *0568 
1*0936 
1*1310 
1*1690 
1*2076 
1*2469 
1*2868 

1-3273 
1-3685 
1*4101 
1-4527 
1*4957 
1-5394 
I-5837 
1*6286 
1-6742 
1*7203 
1*7672 


Radius of 
Gyration 

H 

in. 

0 * 195 ° 

0-1975 

0*2000 

0-2025 

0-2050 

0*2075 

0-2100 

0*2125 

0*2I50 

0*2175 

0*2200 

0*2225 

0-2250 

0-2275 

O23OO 

02325 

0-2350 

0-2375 

0-2400 

0-2425 

0-2450 

0-2475 

0-2500 

0*2550 

0*2600 

0-2650 

0-2700 

0-2750 

0-2800 

0-2850 

0-2900 

0*2950 

0*3000 

0-3050 

0-3100 

0-3150 

0-3200 

0-3250 

0-3300 

0 - 335 ° 

0*3400 

0*3450 

0-3500 

0-3550 

0-4800 

0-3650 

0*3700 

0-3750 


* 2 = 7 e 


O-03803 

0-03901 

O-04OOO 

0'04I0I 

0-0420 

O-043I 

O-044I 



0-0841 

O-087O 

O’OgOO 

0-0930 
0-0961 
O-0992 
0-1024 
O-IO 56 
O-I 089 
O' 1122 
0-1156 
O-IigO 
0-1225 
0-1260 
O-I296 

o-1332 

O-I369 

O-I406 
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Table 6.3 ( cont.) 


Diameter 

d 

d* 

Cross-sectional 
Area A 
= 0*7854 d 2 

in. a 

Radius of 
Gyration 

4 

in. 

Si 1*2 

II 

M 

1*550 

2-4025 

1*8869 

03875 

0-1502 

i*6oo 

2-5600 

2*0106 

0*4000 

0-1600 

1-650 

2-7225 

2.1383 

0*4125 

0-1702 

1*700 

2-8900 

2*2698 

0-4250 

0-1806 

1*750 

3-0625 

2-4053 

0-4375 

0-1914 

i*8oo 

3-2400 

2*5447 

0*4500 

0-2025 

1*850 

3 ' 4 22 5 

2*6880 

0-4625 

0-2139 

1*900 

3-6100 

28353 

0*4750 

0-2256 

1*950 

3-8025 

2*9865 

0-4875 

0-2377 

2*000 

40000 

3-1416 

0*5000 

0-2500 

2*050 

4-2025 

3*3006 

0-5125 

0-2627 

2*100 

4-4100 

3*4636 

05250 

0-2756 

2*I50 

4-6225 

3*6305 

o *5375 

0-2889 

2*200 

4-8400 

3*8013 

0-5500 

0-3025 

2*250 

5'0625 

39761 

05625 

0-3164 

2*300 

5-2900 

4*1548 

0*5750 

0-3306 

2-350 

5 ’ 5 22 5 

4*3374 

0-5875 

o- 345 r 

2*400 

5-7600 

4*5239 

o*6ooo 

0-3600 

2450 

6-0025 

4*7144 

0*6125 

0 - 375 r 

2*500 

6-2500 

4*9088 

0*6250 

0-3906 

2-550 

6-5025 

5*1071 

06375 

0-4064 

2*600 

6-7600 

5*3093 

0*6500 

0-4225 

2*650 

7-0225 

5 * 5 i 55 

0*6625 

0-4389 

2*700 

7-2900 

5*7256 

0-6750 

0-4556 

2*750 

7 ' 5^ 2 5 

5*9396 

06875 

0-4727 

2*800 

7-8400 

6*1575 

0*7000 

0-4900 

2-850 

8-1225 

6*3794 

0-7125 

0-5077 

2*900 

8-4100 

6*6052 

0*7250 

0-5256 

2 - 95 ° 

8-7025 

6-8349 

0*7375 

o -5439 

3*000 

9-0000 

7*0686 

0*7500 

0-5625 

3*100 

9-6100 

7*5477 

o -7775 

0-6006 

3*200 

10-2400 

80455 

o*8ooo 

0-6400 

3*300 

10-8900 

8-5530 

0*8250 

0-6812 

3 * 4 oo 

11-5600 

90792 

0*8500 

0-7225 

3*500 

12-2500 

9*6211 

08750 

0-7656 

3*600 

12-9600 

10*1790 

0*9000 

0-8100 

3 * 7 oo 

13-6900 

10*7521 

0*9250 

0-8555 

3*800 

14-4400 

11*3412 

0*9500 

0-9025 

3 * 9 °° 

15-2100 

11 *9459 

0*975° 

0-9506 

4*000 

16-0000 

12*5664 

1 -oooo 

1-0000 

4*250 

18-0630 

14*1867 

1*0625 

1-1283 

4* 500 

20-2500 

159043 

1*1250 

1-2656 

4 * 75 ° 

22 '5630 

17*7210 

1-1875 

1-4101 

5*000 

25-0000 

19*6350 

1*2500 

1-5025 

5*250 

2 7 ’ 5 ^ 3 ° 

21 *6480 

1*3125 

1-7227 

5*500 

30-2500 

23-7580 

1*3750 

1-8906 

5*750 

33-0630 

25967 

i *4375 

2-0664 

6*ooo . 

36-0000 

28*2740 

1 *5000 

2-2500 
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Solution 

First of all determine D , the 


outside diameter of the seating face, from 


Eq. 6.3 



Assume S = 25 lb, then 


D = J 1*4 X io 2 + 


i*6 X 25 

TT X 250 

= 11*83 in. 

Whence w, the width of the seating face, will be given by 

£ -d = M^- L o =o . 9i5in 

2 2 

Mean diameter of seatings D = 10 + w 

— 10*915 in. 


(a) Axial Force 
From Eq. 6.6 
Total axial force required 

P't = 0*825 p (jiDn* + d b *) 

= 0*825 X 250 (o*2 X io* 9I5 2 + 2*25 a ) 

= 6,000 lb 


(b) Torque to effect Closure 
From Eq. 6.7 

Torque, &= ^ 

Tentatively assume the external diameter of the actuating spindle to be 
ii in., number of threads per inch 4, two starts, i.e. a lead of * in. then 

Mean diameter of threads = if in. — £ in. = if 

lead 

Slope of thread = tan a = „ x mea n diT. 

i 

TT X if 

whence a = 5 0 36' (approximately) 

From the efficiency curves shown in Fig. 4.4, the efficiency of the screw is 
48 per cent (0*48) if we take the coefficient of friction equal to 0*15. 

By substitution in Eq. 6.7 

_ 6,000 X f 

2 X 3*1416 X 0*48 
= 996 lb-in. 


6—(T.710) 
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(c) Diameter of Handwheel 
From Eq. 6.8 


Diameter of handwheel, D w = 


2 a 


Taking 7 ", the tangential effort equal to ioo lb, we have 

3XJ996 

IOO 

= 19*92 in. (say 20 in.) 


The fact that this figure is identical with that listed in at least three valve 
manufacturers* catalogues for the size of valve in question, and for the 
stated working pressure, proves neither the validity of the theory nor 
provides evidence that the manufacturers in question determined the 
diameter by a similar process to the foregoing (verb, sap.). ■ 


(d) Investigation to Determine the Diameter of Spindle required to satisfy the 
Requirements of a Strut 

This calculation is really required in order to establish whether the 
originally assumed spindle diameter of 1 i in. was well-founded or otherwise. 

From Eq. 6.10 

Cross-sectional area to satisfy requirements of a strut 



and substituting known values 

^ _ 4 X 6,000 
~ 2,240 X 21 



. 1 

30,000 



= 0 523 in.* 


corresponding to a root diameter of o*816 in., from which we may rightly 
conclude that the spindle diameter selected satisfies the requirements of a 
strut. Actually there would appear to be every justification for reducing 
this diameter but we must not lose sight of the fact that adequacy of cross- 
sectional area is not the only criterion of correct spindle design; we must 
have the correct slope of thread and this is governed mainly by the mean 
diameter of the threads, and their pitch. Truly we could obtain this slope 
whilst reducing the mean diameter, but this would necessitate a much 
reduced pitch, which is altogether undesirable from considerations of wear 
resistance and vulnerability. Altogether there is much scope for wise 
discrimination on the part of the designer in the correct selection of these 
inter-related variables. 

Another aspect of design must claim attention. The proportions 
of the collar bearing surfaces (see Fig. 6.8) must be determined from 
considerations of the axial thrust to which this part of the spindle 
is subjected. The axial thrust of the spindle is exerted in an upward 
direction during the process of closing the valve, and downward 



parallel slide valves ix 7 

(the screwed-on bush pressing against the upper face of the crosshead) 
in the process of opening. The frictional resistance to be overcome 
at the collar bearing surface will be reflected m an additional 
expenditure of effort at the handwheel and this must be taken into 

consideration. 



Fig. 6 .8 . Spindle Collar Bearings 


Referring to Fig. 6.8, depicting a plain collar bearing of the type 
more usually employed in valves designed for pressures up to 
350 lb/in. 2 , it will be seen that that portion of the spindle where it 
passes through the crosshead is equal in diameter to that of the 
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lower threaded portion. (There is no fundamental reason why this 
should be so but it aims at uniformity.) 

The lower collar forms an integral part of the actuating spindle; 
the bushings, preferably of gunmetal, are a press-fit in the crosshead 
which is usually made from mild steel bar or from a steel forging; 
“anti-friction” washers, preferably of nickel-bronze, shown inter¬ 
posed between the two collars are more of a refinement than a 
necessity, although their inclusion is to be advocated where the 
price will warrant it as they tend to reduce the frictional resistance. 
Threaded on to the upper extremity of the spindle is a retaining 
collar, usually of gunmetal, secured against working loose by a 
taper pin passing through both collar and spindle, not altogether 
good practice although much exploited. A Stauffer lubricator 
completes the arrangement and its inclusion is strongly recom¬ 
mended. Some end play should be allowed, (say in.) between 
the two collars. 

The whole of the axial thrust P t ' will be resisted by the annulus 
whose boundary diameters are D c and d c respectively. As the actual 
speed of rotation of the spindle is very low (even in valves electrically 
operated) a relatively high intensity of pressure p s may be permitted 
between the contacting surfaces. Experience has shown that this 
may be as high as 2,000 lb/in. 2 , where gunmetal (or other non- 
ferrous alloys) and steel are in contact. 

A relationship between the axial force and the permissible 
bearing pressures may be derived as follows 

7 T 

Area of bearing annulus = - (Z) c 2 — d 2 ) 

4 

7 T 

Allowable thrust on collar bearing = — p s (Z> c 2 — d e 2 ) 

4 

whence P t ’ = ~ Pt ( D c 2 ~ O 

4 

from which D c = + < 4 2 • Eq. 6.11 

The frictional resistance of the collar bearing may be determined 
as follows 

Moment of friction, T m = 

= ^ (Z>. + d.) . 

4 



. Eq. 6.12 
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and this value must be added to T previously determined. Hence 

Total torque to operate valve = T T m Eq. 6.13 

Although the moment of friction at the collar is insignificant in 
the case of small-bore valves operating at low, and sometimes high, 
pressures, its impact on design cannot be disregarded in valves of 


view x—x 

Fig. 6.9. Ball-bearing Grosshead on Parallel Slide Valve— 

Non-rising Spindle Type 

large bore, pointing to the necessity of substituting ball-thrust 
washers for the plain collar bearing more commonly employed. 

Fig. 6.9 depicts such an arrangement wherein the ball-thrust 
washer employed is double acting. The retaining collar screwed 
into the crosshead takes the thrust in the process of opening the 
valve, and the upper thrust collar screwed on to the upper extremity 
of the actuating spindle takes the thrust when the valve is being 
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closed. Where a ball-thrust washer is incorporated the additional 
torque required to overcome collar friction is so small as to be 
negligible. 

In employing the foregoing formulae for axial thrust, torque and 



Fig. 6.10. Parallel Slide Valve with Bypass 


moment of friction in the design of large-bore high-pressure valves 
the results work out on the high side, particularly if one proceeds 
nonchalantly to “stiffen up” on low-pressure designs. At least two 
factors are irrefutable, the diameter of the valve seating and the 
working pressure. Taking the case of a io-in. bore valve, for 
example, to operate at 600 lb/in. 2 (and there are many larger valves 
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in daily operation working at much higher pressures), we have to 
contend with an end load acting normal to the discs ol approxi¬ 
mately 21 tons! To operate a valve under these conditions would 
demand an expenditure of effort in excess of one man’s capabilities, 
and so we have to look for means of effecting a reduction in the 

amount of effort to be expended. . 

Lubrication, anti-friction bearings, and the correct choice of 

materials combine to reduce the sum total of physical effort required, 
but these are insufficient and other means must be found to render 
the valve capable of easy operation. This is readily effected by 
means of a bypass valve whereby both sides of the valve are placed 
in equilibrium (to a lesser or greater extent) thus materially reducing 
the end load on the disc on the “downstream” side. A parallel 
slide valve so fitted is shown in Fig. 6.10. The inclusion of a bypass 
valve is necessitated where the combination of bore and operating 
pressure would be such as to occasion the use of reduction gearing 
in order to reduce the initial torque required to operate the valve. 
Moreover, its inclusion permits of the pipework on the downstream 
side being warmed up gradually prior to opening the valve. 

Table 6.4 gives recommendations for the employment of bypasses 
corresponding to pressure range and size of main valve. 


Table 6.4 


Pressure Range 
(lb/in. a ) 

Size of Main Valve 
(in.) 

0-150 

12 and upwards 

150-250 

10 and upwards 

250 - 35 0 

8 and upwards 

350-600 

7 and upwards 

600-700 

6 and upwards 

700-900 

5 and upwards 

900-1,200 

4 and upwards 


There is no hard and fast rule correlating size of bypass with 
size of main valve but Table 6.5 gives the usual relationship. It 
may be varied, however, according to the whim of the designer or 
for special reasons. 

The bypass valve may be either of the screw-down globe or 
parallel slide type, preferably the latter for high pressures. 

Reverting to the spindle arrangement shown in Fig. 6.8 and in 
particular to the thrust collar therein depicted (since this has to 
take the entire axial force imparted by the spindle in the opening 
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Table 6.5 


Size of Main Valve 
(in.) 

Size of Bypass Recommended 

(in.) 

4 


5, 6, and 7 

i 

8 to 14 

1 

15 and 16 

1* 

18 to 20 


22 to 24 

2 


process) reliance must not be placed wholly on the shearing resistance 
of the taper pin securing the collar to the spindle. Instead, the 
collar should be screwed on to the spindle so that the axial thrust is 
mainly resisted by the threads. It would be difficult to assess how 
much of this thrust is resisted by the threads and how much by the 
pin. In fact there is no necessity to be so exacting since a simple 
calculation will reveal that apart from the shear resistance of the 
pin a relatively small number of threads would be generally more 
than adequately ample to resist the axial force, resulting in a collar 
thickness much less than is usually employed for the sake of 


appearance. 

The pin itself, passing as it does through the spindle and weakening 
it in the process, is not altogether a desirable arrangement, especially 
on the smaller valves where the ratio of pin diameter to spindle 
diameter is greater from consideration of avoiding drill breakages. 
(It must be remembered that drilling and reaming of the hole to 
receive the taper pin must be done with collar and spindle assembled 
and drill breakages occur when just breaking through the threads.) 
A more satisfactory arrangement would be to employ a gimlet- 
pointed Allen screw (or even two) for securing the collar against 
relative rotation. 


The same remarks apply to the thickness of the collar forming 
part of the spindle. This is designed more for the sake of appear¬ 
ance than from considerations of its ability to withstand the shearing 

force imposed. 


Length of Spindle Thread Engagement 

The remarks given in Chapter 5 on this subject apply equally as 
well in the present case with the exception that whereas the spindle 
threads on a valve of the screw-down type are usually situated well 
outside the zone of high temperature, the threads in certain types 
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of parallel slide valves (e.g. Fig. 6. i) are not so ideally located 
since there is the question of heat to contend with (excepting 1 
valves of the “rising” spindle type, wherein the operating screw is 
housed in the crosshead, away from the valve casing) and this calls 
for additional care in assigning the requisite amount of bearing 

surface. 



Fig. 6.1 i 


NON-FERROUS 
SCREWED BUSH 


STEEL TRUNK 


Recapitulating the formula given in the section referred to, but 
modifying the nomenclature in accordance with present require¬ 
ments, the following approximate relationship will apply 




. Eq. 6.14 


The value of f v varies according to circumstances and the 
characteristics of the materials employed for the spindle and trunk 
(or bush). For example, a higher value may be assigned to f v when 
it is known that at no time can the parts in question be subjected to 
a high temperature. The more usual combination is a mild steel 
spindle working in conjunction with a gunmetal or phosphor-bronze 
bush, in which case a value of f v of 1,000 to 1,500 lb/in. 2 may be 
adopted, the higher of the two values being employed in those cases 
wherein it is certain that the parts in question will not be subjected 
to any appreciably high temperature. 
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The choice of materials for the spindle and trunk calls for some 
discrimination if trouble-free service is to be obtained. For example, 
a “stainless” steel spindle working in combination with a trunk of 
the same material will very quickly seize or “gall” even under a 
light load. Any of the steels in combination will produce the same 
disquieting results to a lesser degree, and where a steel trunk of any 
description is necessitated, it is advisable to incorporate a separate 
screwed bush of non-ferrous material, something on the lines of the 
one illustrated in Fig. 6.11. The foregoing remarks indicate that 
the valve construction shown in Fig. 6.5 offers many advantages, 
chief of which is that arising from the complete isolation of the 
actuating screw and bush from the zone of high temperature, 
although this construction is also commendable in that the pro¬ 
portioning of the stuffing box and gland are substantially reduced 
by the elimination of the trunk in this design, the substitution of a 
continuous spindle, with its lesser diameter, making for greater 
compactness. 

Pillars 

Pillars are generally designed to resist the tensile forces imposed 
upon them in the process of closing the valve. Whilst they are just 
as often subjected to compressive forces, during the reverse process, 
the relatively robust proportions assigned to their mid-portions 
render void any calculations relative to the buckling effect induced 
in opening the valve. The weakest portions are the screwed 
extremities and it is these which will receive first consideration. 
Obviously, the upper extremities are also subjected to tension but 
the lower extremities are subjected to tension together with some 
amount of torsion depending upon their mode of attachment to the 
valve casing, for which an allowance may subsequently be made. 

There is nothing to be gained by arranging the lower extremities 
to pass through both cover flanges as shown in Fig. 6.12. On the 
contrary, there is much to lose since a moment’s consideration will 
show that this will have the effect of increasing their centre distance 
(see superimposed chain lines in Fig. 6.12.), thereby calling for a 
substantially larger crosshead (the greater the span the greater the 
cross-section). The pillars would also require to serve as cover- 
joint bolts at the points where they break through the cover 
and consequently require to take a share of the pressure imposed 
thereon in addition to the tensile forces induced by the axial 
upthrust, necessitating an increased cross-sectional area. Such an 
arrangement has nothing to commend its adoption and although 
its protagonists may claim that it dispenses with the necessity of 
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tapping the cover, this is offset to some extent by the unnecessary 

additional length of pillar material and consequent 
necessitated apart from the other undesirable feature already 

^ Abetter and more economical expedient is to screw the pillars 



Fig. 6.12 


directly into the cover as shown in Fig. 6.1 resulting in a more 
compact and pleasing design and absolving these members from 
taking any share in the resistance of the pressure load. In this way 
the pillars may be arranged just to clear the gland. 

Proceeding then on the basis of “screwed-in” pillars we have 

-H 

where N v — number of pillars employed (usually two , but the 

larger sizes of valves for the higher pressures sometimes 
necessitate four). 

d v = the root diameter of each pillar termination 


Tensile force in each pillar 


If 
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then d v = ...... Eq. 6.15 

where f t = allowable tensile stress which, for mild steel, as 

commonly employed, may be taken as 10,000 lb/in. 2 



Fig. 6.13 


Pillar terminations less than \ in. B.S.W. are not to be advocated, 
except in the very small sizes of valves, on account of the initial 
stresses induced in the process of tightening the nuts. B.S.F. threads 
—with their increased core area—are to be preferred. It is common 
practice to “step up” the diameter of the lower terminations to 
provide for any secondary stresses such as those induced on assembly 
and arising out of the manipulation of the valve. Experience 
points to these being made to the next largest Whitworth (or B.S.F.) 
size; thus pillars screwed £ in. diameter at the top would be screwed 
J in. diameter at the bottom. 

Stop-member 

Parallel slide valves employing “spring-between-disc” mechanism 
invariably incorporate a transverse stop-member, securely attached 
to the top of the trunk and arranged a sliding fit between the pillars. 
Such a stop is a feature of the particular design illustrated in Fig. 6.1 
but is shown to better advantage in Fig. 6.13. The purpose of the 
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stop is two-fold; it serves to arrest the downward travel of the discs 
when these assume their appointed positions relative to the seatings, 
and also to obviate any rotational tendency of the trunk, althoug 
this tendency is additionally prevented in most designs by the 
inclusion of guides within the body and engaging lugs springing 
from the banjo portion of the trunk, a somewhat crude arrangement 
since such guides are seldom machine-finished on account oi the 
difficulty attending such an operation. 



It will be appreciated that the stop-member could be subjected 
to a centrally applied load of a magnitude equal to the full axial 
force imparted by the actuating spindle and should be proportioned 
to resist this force accordingly. The stop-member, therefore, is an 
example of a simply-supported beam with a more or less centrally 
applied load, but the conditions of loading and the stiffening effect 
of the trunk to which it is attached render the method of stress 
computation somewhat obscure and only an approximate solution 
may be expected. 

The following argument is offered, therefore, in the absence of a 
more precise method of approach to the problem. 

Fig. 6.14 ( a ) and ( b) show the conditions of loading, reactions 
etc., which might be expected. It wall be noted that the span c v is 
that corresponding to the distance between the lower stout portions 
of the pillars and not the centres, as might easily be supposed. 

The total axial force P t ' will be imparted to the stop-member 
along the perimeter of the central hole to receive the trunk. (This 
will be more readily appreciated from the illustration given in 
Fig. 6.14 ( b ).) The loading will be evenly distributed along this 
perimeter and, considering one half only of the stop-member as 
shown in the oblique projection in Fig. 6.14 ( b ), we may consider 
one half of the axial force to be concentrated at the centroid c of 
the semicircular opening, and located at a distance b from the 
geometrical centre 0 . 
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Now b = o*3183*4, where d t 
(see Fig. 6.13), whence 


diameter of central opening 


Moment of axial force about mid-point 0 


0*3183 


P t 'd< 


and Reacting moment due to reaction at support 


where c. 


pi 

**— ■■■■■■ • ■ 

2 2 

distance between supports, i.e. distance between bases 
of pillars 

The bending moment M at mid-section xy will be the algebraic 
sum of all the moments acting to the right or left of xy, or 


A/f 

a wJL 


Pi 


-2 

2 


0*3183 


Pt 4 


22 2 

= P % (o-ay f — 0*15924,) 

Now the fundamental equation for bending is M 
case 


. Eq. 6.16 
fZ, and in this 


z 


(»• — d 0 )t ( 


where w ( 
and t ( 

Then 


whence 


total width of stop-member 
thickness of stop-member 

P/(o-25c_ —o-i592</ 0 ) = /«, 


(w. — d.) 


w. 


6p: 


(0*25^ — o*i 592 d 0 ) + d t 


Eq. 6.17 


f t. 2 

For f, the maximum fibre stress in the material of the stop- 
member, a fairly high value may be adopted, say 16,000 lb/in. 2 , for 
mild steel since it is questionable whether it will ever be subjected 
to the full axial load. Operators conversant with this type of valve 
will appreciate that—as distinct from the screw-down stop valve- 
no additional closure-tightness can be achieved by screwing the 
valve down hard, the only effect of which would be to transmit the 
full force of the actuating spindle to the stop-member. It is only in 
order to cater for such an eventuality that the foregoing treatment 
has been included. Makers advise that the handwheel should be 
eased back slightly after screwing down the valve to its fullest 
extent so as to ease the load on the stop-member and to minimize 
the effects of expansion stresses. 

Crosshead 

As pointed out in Chapter 5, a valve crosshead is virtually a beam, 
more or less centrally loaded, and supported at the ends. The 
thrust of the spindle cannot be regarded as being wholly concentrated 
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at the geometrical centre since it will be transmitted by the annular 
bearing surface of the thrust collar whose diameter is an appreciable 
fraction of the total span of the crosshead These de P^es fro 
the ideally perfect conditions of fixity and loading exhtinted m th 
theory of beams complicate the problem of design but add to its 

interest. 



Fig. 6.15 


Under the influence of the upward thrust P t ' of the spindle the 
crosshead will deflect as shown grossly exaggerated in Fig. 6.15. 
Assuming the spindle collar to remain rigid, the thrust will be 
imparted to the crosshead at the two points determined by the 
extreme outer edges of the spindle collar. Thus the crosshead will 

p ' 

be subjected to two equal forces — applied at equal distances from 


the centre line of the spindle, thereby disposing of the idea of a 
centrally applied load. But it is too much to expect that the system 
will behave exactly in this manner. The collar on the spindle 


cannot be expected to remain rigid and if this be imagined to follow 

P ' 

the curvature of the crosshead then the two conjugate forces 


2 
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may be supposed to act through the respective centroids C, C", of 
the two semicircular annuli together representing the area of contact 
of the collar. This is a valid supposition since it must be remembered 
that there is a hole in the centre of the crosshead and whatever 
force is imparted by the spindle to the crosshead must be transmitted 
via the annular portion of the spindle bounded by the inner and 
outer diameters of the collar. 

The force transmitted, therefore, may be regarded as being 
wholly concentrated at the centroids of the two areas. It can be 
shown that the centroid of each semicircular annulus is situated at 


a distance b = o*2122 


Do 3 


§ 


d_l 

d} 


from the common centre of collar. 


(For the sake of clearer understanding the crosshead is assumed to be 
devoid of any bearing bushes; where such are fitted these will have 
to be taken into account when assigning values for d c and D c above.) 

The value of b will vary widely according to variations in the 
ratio of D e to d e but from a number of designs examined b varies 
L L 

from — to — approximately. For the sake of design an average value 

of — will be assumed in which case the bending moment for the 
10 

arrangement under consideration may now be derived. 

The bending moment at the centre of a simply-supported beam 

WL 

subjected to a centrally applied load W is given by M = — 

Assuming with every justification that our “beam” is “simply- 

P ' 

supported” and loaded by two forces concentrated at the 

centroids of the spindle-contacting surface, as shown in Fig. 6.15, 
we have 

M 0 = algebraic sum of all the moments acting to the left or 

right of the point considered 

L P t ' L 


10 


Pt 

u —- • 

2 

PJL 

4 

PJL 

5 


p; 


PJL 

20 


10 


. Eq. 6.18 
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Again from the theory of beams 

M=fZ 


where M = 

- bending moment 



/= 

= stress induced in the remote fibres 

and 

z= 

= section modulus 


Since 


M = 

=IZ 



L 


then 


P' — = 
7 * * 5 

=fZ 




P t 'L 

or 


z-- 

5 / 



The maximum bending moment—and consequently maximum 
stress—will occur at the mid-section containing the hole. Taking 
the simplest case, that is, a crosshead devoid of bushes, a transverse 
mid-section of the crosshead will be as illustrated in Fig. 6.16 and Z 
will be given by 


h 2 

6 


(* - d c) 


Then 

whence 


h 2 


(b ~ d t ) 


PJL 

5 / 



6 p;l 



5 / (b ~ d c ) 
1 -ip;l 

f{b~ d e ) 


. Eq. 6.19 
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It will he appreciated that many combinations of b and h might 
give identical values of Z but since b is generally decided from 
considerations of affording adequate cover to the spindle collar, it 
only leaves one variable h to be determined from Eq. 6.20 in which 
the remaining factors are known from previous calculations. 

The maximum permissible tensile stress f t may be taken as 20,000 
lb/in. 2 for steel forgings and 10,000 lb/in. 2 for mild steel. 

If cast gunmetal crossheads are employed (as is sometimes the 
case in small valves) f t may be taken as 6,000 lb/in. 2 

Stuffing Box and Gland 

The remarks given under this heading in Chapter 5 for screw-down 
stop valves will apply to valves of the parallel slide type and call 
for no reiteration. 

Fig. 6.17 depicts a 14-in. bore Cockburn parallel slide valve of 
more than ordinary interest. This is known as the “Streamline” 
parallel slide valve since the body is of the “convergent-divergent” 
type, the effect of which is to increase the velocity of the steam 
passing through the throat (although this also increases the temper¬ 
ature meanwhile), the initial conditions of pressure, temperature 
and velocity being very nearly restored at the exit side of the valve. 
The advantage of this arrangement is that the body thoroughfares, 
although apparently restricted in size at the throat, are capable of 
passing the same volume of steam as the connecting pipes. It will 
be apparent that in adopting a valve of this pattern the super¬ 
structure of the valve is reduced to a size commensurate with that 
of a parallel slide valve of ordinary construction. This represents 
a considerable economy in overall dimensions and weight. 

In the fully open position (as portrayed in Fig. 6.17) continuity 
of the streamline shape is maintained at the throat by a suitably 
disposed eye-piece in the trunk registering with the searings, and 
serving the additional purpose of protecting the searings from the 
erosive effect of the steam which passes through the valve with an 
enhanced velocity due to the nozzle effect. 

The valve discs are arranged to collapse slightly when the valve 
is fully open and are secured in this position so as to obviate 
“fluttering.” 

The valve depicted was installed at the Barking Station of the 
then County of London Electricity Supply Co. Ltd., the working 
pressure being 625 lb/in. 2 , at a temperature of 825°]?, (hydraulic 
test 1,250 lb/in. 2 ) and was operated electrically. Provision was made 
for fitting a bypass to the valve in accordance with customary 
practice for a valve of this size operating under such conditions. 




Fig. 6.18. Hopkinsons-Ferranti High-pressure Parallel Slide Valve 

{Reproduced by courtesy of Messrs. Hopkinsons, Ltd., Huddersfield) 
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Another example of the “convergent-divergent” type of parallel 
slide valve is the well-known “Hopkinsons-Ferranti” valve depicted 
in Fig. 6.18. As in the former example the actuating screw 
mechanism is situated as remote from the zone of high temperature 
as it is possible to devise. This valve is intended for high pressure 
and/or temperature service and as such is favoured as a main 
turbine stop valve, although its use may be extended to other 
equally exacting applications. Fitted with spoked handwheel, 
ball thrust washers and bypass, it calls for a minimum expenditure 
of manual effort to operate it under the highest pressures, although 
both main valve and bypass valve may be motor-operated, remotely 
or otherwise. 

The seating materials are of the firm’s well-known Plalnam , a 
hard-wearing nickel alloy of outstanding qualities, chief of which 
is its immunity to corrosion and erosion under the most exacting 
conditions. The valve is available for steam pressure up to 
2,000 Ib/in. 2 



CHAPTER 7 

SAFETY AND RELIEF VALVES 

A safety valve, as its name implies, is a device designed expressly 
for the purpose of preventing an undue rise in pressure in any 
vessel, the effects of which might occasion an explosion, damage to 
the plant itself, spoiling of material being processed or, last but 
not least, danger to life and limb. Such a valve should be entirely 
automatic in its action; that is to say, it should operate independ¬ 
ently of any human agency and, having discharged, should close 
down and remain closed until such time as it is again required to 
perform its appointed function. 

It is questionable whether the earliest pressure vessels incorpor¬ 
ated such protective devices but it is comforting to ruminate on the 
fact that leakages at ill-fitting connexions and bad joints would pro¬ 
vide some measure of safeguard against any undue rise in pressure. 

Safety valves may be broadly classified into four basic types 

(i) Lever-and-weight type (Fig. 7.1). 

(ii) Spring-balance type (Fig. 7.2). 

(iii) Deadweight type (Fig. 7.3). 

(iv) Direct spring-loaded type. (Fig. 7.4;. 

Figs 7.1 to 7.4 inclusive are diagrammatic only. 

These types are classified in their probable order of evolution 
and whilst the second example, shown in Fig. 7.2, has long since 
gone out of favour, the remainder have survived, the direct-acting 
spring-loaded safety valve, however, being the type now more 
commonly employed. 

Early locomotives employed the lever-and-weight type, or the 
deadweight type, but severe jolting resulting from an imperfect track 
and possibly aggravated by indifferent springing, caused such valves 
to splutter badly, to the detriment of maintaining a good head of 
steam and to the extreme discomfort and annoyance of the driver. 

Is it to be wondered, therefore, that engineers were prompted to 
devise a more satisfactory alternative to these primitive devices? 

The spring-loaded valve appeared to offer possibilities in this 
connexion. Unfortunately, however, helical springs were not as 
easy to produce in the heavier sections as they are to-day and the 
first spring-loaded valves incorporated a system of pre-compressed 
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leaf springs. By courtesy of E. M. Bywell, Esq., Curator of the 
Railway Museum, York, the Author is privileged to reproduce 
Plate II (a) and (b) illustrating two safety valves of this type. These 
valves owe their design to Timothy Hackworth, whose name will 
be at once associated with railway pioneering and who has been so 



Fio. 7.3. Deadweight Fig. 7.4. Direct Spring-loaded 

Safety Valve Safety Valve 

* 

often referred to as the father of locomotives. The catalogue 
relating to these two exhibits contains the following caption— 

SPRING SAFETY VALVES . 1827 

The first ever invented . Designed by Timothy Hackworth for the 

“Royal George” engine 1827* 

* The Royal George was the first of Hackworth’s locomotives on the Stockton 
and Darlington Railway. 
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A point which apparently escaped the inventor’s notice is that 

the resistance of the spring arrangement as a whole is determined y 

the individual resistance of the weakest leaf. 

This type of valve was quickly superseded by one embodying an 

arrangement of combined tension spring and lever (as previously 

portrayed diagrammatically in Fig. 7.2) which also owes its ongi 



Fig. 7.5. Combined Deadweight and Spring Safety Valve 


to Hackworthand it is noteworthy that the Patentee, the last locomotive 
to be supplied by Robert Stephenson and Co. in 1834 for the 
Liverpool and Manchester Railway, incorporated safety valves of 
both types, evidently in an endeavour to compare their respective 

merits under identical operating conditions. 

The spring-balance type of safety valve (Fig. 7.2) cannot be 
regarded as a satisfactory arrangement; one can well imagine the 
stresses induced in the wire comprising a spring of such small dimen¬ 
sions, loaded as it is through the agency of the lever mechanism, 
and spring breakages must have been quite common. 

One has only to contrast the size of “wire” now stipulated by the 
present Board of Trade Rules for direct-loaded valves of modern 
times with that of these early valves, even for the low pressures then 
in operation on locomotives, to appreciate the intensity of the 
stresses which must have been imposed in the spring material. 
It must also be remembered that the materials available at that time 
must have been of very uncertain quality and more uncertain 
behaviour. 



138 THE DESIGN OF VALVES AND FITTINGS 

Deadweight safety valves, in which the valve is loaded by a 
pendulously supported mass of metal as shown diagrammatically 
in Fig. 7.3, would appear to be an ideal arrangement if only from 
the viewpoint of simplicity, but here, too, the valve is susceptible 
to vibratory and other disturbing influences and is of no use on 
locomotive boilers or on shipboard, where the inevitable jolting 
and rolling would produce many variations in the intended blowing- 
off pressure. Its employment as an independent auxiliary safety 
valve is to be advocated on large land boilers, particularly Lanca¬ 
shire boilers, and its inclusion is an essential provision of most 
boiler specifications. It is usually set to blow off at a few pounds 
per square inch in excess of the setting of the spring-loaded safety 
valve (or valves) so that the latter is the first to take control of any 
over-pressure, the deadweight-loaded valve coming into operation 
if the spring-loaded valve proves incapable of coping with the 
evaporation. Sometimes the two types are used in combination, 
mounted on a common “Y” pipe, as shown in Fig. 7.5, but here 
again the deadweight safety valve is usually set to blow off at a 
pressure in excess of its companion spring-loaded valve. 

Safety-valve Seatings 

As in other types of valves the seating is the heart of the valve 
and the starting point in any valve design, irrespective of the 
particular function of the valve. 

Much of the trouble associated with safety-valve performance 
is traceable to the lack of appreciation of one fundamental require¬ 
ment, that of arranging the thrust of the spindle to be imparted to 
the valve member at a point situated below the level of the seat 
contacting faces. Failure to observe this requirement may cause 
“chattering” and tilting of the valve member and possibly cause 
it to become wedged in the seating. Any loaded valve, safety or 
otherwise, will possess a tendency to “valve-chatter” to a lesser or 
greater extent if the point of application of the spindle thrust is 
situated above the mutually contacting seating surfaces (as shown 
at (a) in Fig. 7.6) and whilst most workers in the field of valve 
engineering appear ready to confirm the validity of this statement 
few seem able to advance any mathematical argument in support 
of this contention. For this reason the following enunciation is 
included in the hope that it will foster a deeper appreciation of the 
underlying principles involved. 

Consider the conditions which obtain at the seatings of any 
safety valve, no matter how loaded, whether by deadweight or 
spring. 





Plate I. Early Roman Stop Cock 


(Reproduced by courtesy of Dr. 

Della Scien 


Ing. Guido Ucelliy President % 
za e Della Tecnica , Afilan.) 


A fuseo Rationale 



















Plate IV. Test-rig for Investigating Induced Stresses 

in a Boiler Isolating Stop Valve 


(,Reproduced by courtesy of The Edward Valve Inc.. East Chicago, £/.5’..*l.) 
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Certain assumptions will require to be made. Referring to 

Fig. 7*7 these are — 

(i) that the valve member is permitted to “heel” or hinge 
about point 0, 

(ii) that the resultant pressure U on the underside of the 
valve member acts normal to the plane of the seating face 
in the hinged position, and at the centre of the area, 

(iii) that the pressure is uniformly distributed over the lower 
surface of the valve member, 



Fig. 7.6. Correct and Incorrect Methods of Arranging Point of 
Thrust in Safety (and similar) Valve Members 

(iv) that the downward thrust D of the valve spindle is 
transmitted to the valve member through the agency of 
a ball (as is the case in some designs) resting in a vee- 
shaped cavity formed in the valve member, 

(v) that the spindle deflects laterally and without hindrance 
at all angles of “heel” A, 

(vi) that the upward resultant force U is equal to the down¬ 
ward thrust D (or very nearly so) for all angles of “heel” A, 

(vii) that the angle of “heel” A is the same in all three cases 
under consideration for the purpose of equal comparison. 

An exaggerated angle of heel A has been chosen for the sake of 
clarity. 

Case 1, Fig. 7.7, shows an arrangement wherein the point of 
thrust is well above the normal contact plane (a-yo) of the seating 
faces; Case 2 shows one on which the point of thrust is coincidental 
with the normal contact plane of the seating faces, whilst Case 3 
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represents the ideal arrangement wherein the point of thrust is well 
below the normal contact plane of the seating faces. 

Consider Case i (Fig. 7.7). The plane a x o has taken up the 
position a^o and the ball and spindle will consequently have taken 
up a new position, as indicated in chain lines. It will be apparent 


rW~~ 


i ,vh i 
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CASE 3 

Fig. 7.7. Arrangements of Point of Thrust Relative to Seating 

Surfaces 

Case 1. Point of thrust above level of seating surfaces 

Case 2. Point of thrust coincident with level of seating surfaces 

Case 3. Point of thrust lower than level of seating surfaces 

that the lifting moment due to pressure will be Ur u where r u is the 
radius of rotation of the valve member about point 0, whereas the 
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righting moment, or moment of thrust, tending to restore the valve 
member to its normal position co-planar with the fixed seating will 
be Dr d where r d is the effective instantaneous radius of rotation of 

^Now acting on the assumption previously made that U — D, and 
from the obvious fact that r d < r u it is reasonable to conclude that 
tilting of the valve member will be in evidence at or approaching 
the point of discharge and this will tend to become aggravated, 
rather than ameliorated, as the discharge becomes more violent, 
giving rise to chattering, a state of affairs conductive to the rapid 
deterioration of the seating faces which at all times should maintain 
their essentially dead flat and ground-in characteristics. 

Now consider Case 2, wherein the point of thrust is normally 
coincidental with the normal contact plane of the seating faces. 
Again assuming the valve member to heel about point o and to take 
up a new position denoted by tf 2 'o, it will still be seen that r d < r u 
and conditions of unstable equilibrium will be induced as in the 
previous example, although perhaps not nearly so “chatter- 
conducive” in this case as in the former. 

Conditions are different, however, in Case 3. Here the point of 
thrust has been selected at a point well below the normal contact 
plane of the seating faces and it is interesting to note the difference 
wrought by this expedient. Adopting the same angle of heel A as 
in the two previous cases, the locus of the point of thrust now 
describes an arc which, occasioned by an angular displacement of 
a 3 o greater than is ever possible in the worst of all badly designed 
valves, presents an ever-increasing righting arm r d and a corres¬ 
pondingly increasing righting moment Dr di and r d > r u . 

Thus the tables are turned and no tendency to chatter can manifest 


itself. 

If makers* drawings are any criterion it is evident that many 
valve manufacturers are apparently aware of the necessity of 
arranging the point of thrust of the valve spindle below the contact 
plane of the seating faces where conditions permit, but whether 
this is prompted by instinct, long-accustomed practice, or design 
it is difficult to say. 

At all events the foregoing treatment may be new to some readers 
interested in valve design and operation. 


Conditions Affecting Pressure Loading 

Consider the simplest of all simple safety valves as depicted 
diagrammatically in Fig. 7.8 (a), ( b) and (c) wherein leakage from 
the vertical thoroughfare is prevented by the mass of metal resting 
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thereon, as shown. Assume that the underside of the metal casting 
is perfectly flat and polished to a superior degree of finish and take 
the cross-sectional area of each vertical thoroughfare to be 1 in. 2 . 



(«> 

Fig. 7.8 


Further assume, for the sake of comparison, that the pressure 
within each thoroughfare is 10 lb/in. 2 , when it is natural to suppose 
that if a deadweight of 10 lb be placed on each seating, as shown. 
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each valve would blow off at a pressure of io lb/in. 2 exactly. But 

c lir h is bv no nicsns the case. . j _ 

The arrangement shown in Fig. 7.8 (a) wherein t e sea mg S 
are assumed to be perfectly knife-edged (a totally impracticable 
arrangement) would be the one most likely to blow off precisely at 
10 lb/in. 2 , the one shown in Fig. 7.8 ( b) would blow off at some 
pressure less than 10 lb/in. 2 and the one in Fig. 7.8 (c) at some 

pressure appreciably less than io lb/in. 2 

One might reasonably be excused for asking why there should be 

any diversity of blowing off pressure in these three examples in 

which the bores are identical in every respect. 

The reason is as follows. In any safety valve not only must there 
be a downward force ( W) opposing the upward force (ap) due to 
the fluid pressure but there must also be an additional downward 
force sufficient to produce a clamping pressure between the seating 
faces of sufficient intensity to prevent leakage across these faces. 
Anyone who doubts this statement should try the experiment of 
carefully weighing the total deadweight required to suit a given 
bore and blow-off pressure in the case of a deadweight safety valve 
and noting the exact pressure at which blow-off occurs. It would 
appear that the total deadweight required is given by W = ap , 
where a is the cross sectional area of the inside of the seating and p the 
pressure. The actual weight required is always in excess of ap 
(i.e. ap -f- k) and it is this excess ( k) which is responsible for pre¬ 
serving fluid-tightness of the seatings up to the desired blowing-off 
pressure. It is only in the case of direct deadweight-loaded safety 
valves that this phenomenon will be readily apparent. In the case 
of spring-loaded valves the additional axial load required to effect 
the necessary clamping force is not so readily apparent since it is 
provided by a relatively small rotation of the spring-adjusting 
screw and passes undetected. Lever-and-weight loaded safety 
valves also do not reveal this aspect since the additional outward 
displacement of the cheeseweight required to give the necessary 
clamping force will pass undetected. 

The difficulty also arises that the precise point at which the cheese- 
weight must be placed along the lever cannot usually be calculated 
with such exactitude as to occasion any measure of surprise if 
this varied by as much as J in. from the calculated value, and so 
the additional clamping force required escapes notice. 

From the foregoing it would appear desirable, therefore, to adopt 
knife-edged seatings but this is impracticable since the concentration 
of loading at the knife edges would be enormous, apart from the 
vulnerability of such seatings which would become rapidly impaired 
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by erosion, the usual accompaniment of steam escaping through 
a narrow orifice at high velocity. It must be remembered that the 
actual “lift” of the valve member in a safety valve of the conventional 
type is usually only very small, sometimes amounting only to a few 
“thous” of an inch and the narrow area of escape thus presented is 
conducive to “wiredrawing” of the seatings. 

If knife-edged seatings were a practical proposition, the actual 
discharge from a valve so fitted would be sharp and decisive and, 
after discharging, the valve would settle down promptly without 
“feathering.”* 

Few steam safety valves will settle down at the set blowing-off 
pressure but continue to blow until the pressure has dropped 
appreciably, and this phenomenon appears to be accepted as 
inevitable in all safety valves. The lightest of taps on the spindle, 
however, (if such be exposed) invariably restores quiescence but 
this is not always easy of accomplishment and is a practice to be 
deplored. Locomotive safety valves are deliberately placed out of 
reach of the driver so as to obviate any interference prejudicial to 
the safety of the boiler, but these are usually of a type giving prompt 
discharge and prompt shut-off by means which will be described 
later. 

It has been previously demonstrated that in order to maintain 
fluid-tightness in a metal-to-metal joint a clamping pressure of 
one-and-a-half to twice the pressure of the fluid being controlled is 
generally required. The lower figure may be adopted in the case 
of accurately lapped surfaces such as those essential for satisfactory 
safety valve performance. This leads us at once to correlate blowing- 
off pressure with area of seating face, but it is expedient at this stage 
to review the conditions of loading to which the valve member and 
seating are subjected. It will be appreciated that the more nearly 
the set, or blowing-off, pressure is approached the less will be the 
clamping effect exerted by the valve member on the seating; at 
the instant the blowing-off pressure is reached there will be no 
clamping effect at all. Conversely, if the line pressure falls to zero 
the clamping effect will be a maximum and, in fact, the full axial 
force on the spring (or other loading device) will be transmitted to 
the seating faces. 

Consider the conditions which obtain in a safety or relief valve 
(a) at zero line pressure, (£) at the set, or blowing-off, pressure. 

The deflexion of the valve member will be ignored since it will 

* A term used in the trade to denote sustained discharge at pressures below the 
blowing-off pressure but usually of less vehement intensity. 
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be very small compared with that of the seatings on account of its 

flexural stiffness. r , } 

Referring to Fig. 7.9 the fuU lines denote an element of the valve 

member and seating 7 when freed from the compressing influence of 

the axial force imported by the spindle (say before the valve was 

Joaded) and with no pressure in the casing. 



Fig. 7.9 Fig. 7.10 


Now assume the axial force to be applied; the seating will deflect 
under the influence of this load an amount < 5 , the contacting faces 
taking up a position as indicated in chain lines. 

If pressure is now permitted to build up gradually within the 
casing the downwardly-acting axial force will be progressively 
resisted and the deflexion <5 progressively diminished until a condition 
of equilibrium is reached, the upward force exactly balancing the 
downward force and there is no mutual pressure between the seat¬ 
contacting faces. Any additional upward force (as occasioned by 
an increase in pressure above the set pressure) will lift the valve 
member clear of its seating and the valve will discharge. 

But discharge would take place before a condition of equilibrium 
was established due to an ever-decreasing intensity of clamping 
pressure at the seat-contacting faces, causing “feathering” at or 
approaching the set blowing-off pressure, clearly illustrating that a 
force in excess of that determined by the product of the effective 
area and the set blowing-off pressure is required. 

This explains why, when once a safety valve has blown off, it 
invariably continues to “feather” and continues to discharge at a 
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pressure somewhat lower than the set pressure until the necessary 
clamping pressure to prevent leakage has been established between 
the seating faces. 

Most boiler safety valves are, or should be, set to blow off at a 
pressure 5 per cent in excess of the normal working pressure of the 
boiler (the red-line pressure denoted on the boiler pressure gauge). 
Rules prescribed by The British Standards Institution in B.S.759: 
1950 ( Valves , Gauges and Other Safety Fittings for Land Boiler Install¬ 
ations' ), state that the valve shall shut down at a pressure not more 
than 5 per cent and not less than 2 \ per cent below the blowing-off 
pressure. For valves less than 1 J-in. bore the limits shall be increased 
to 10 per cent and 5 per cent respectively. These rules amply 
illustrate that no safety valve may be expected to open and shut 
promptly at the set pressure and some allowance must be made for 
their peculiar behaviour in this respect. 

Adopting these values, and dealing firstly with a permissible 
pressure drop of 5 per cent, the limiting width of seating face may 
be determined from consideration of the foregoing remarks. 

Referring to Fig. 7.10 depicting a flat-faced seating, the effective 
diameter of the seating will be taken as the diameter of the bore in 
each case; this is not strictly correct but will be sufficiently accurate 
for all practical purposes. 

Let a be the effective area of the seating, d 8 the effective diameter of 
the seating and p the blowing-off pressure; the reseating pressure 
will then be given by 0-95 p in the case of valves 1J in. in diameter 
and upwards, or 0*90 p in the case of valves less than 11 in. nominal 
diameter. 

Consider the forces acting upon the seating faces when the line 
pressure has fallen to 0*95 of the blowing-off pressure. 

Net downward load on seating faces=spindle thrust— pressure up¬ 
thrust at reduced pressure 


or 


and 



Area of seating face = 


W 8 -W v 

ap — 0*95 ap (approx.) 
7 rd s w (very approx.) 


Intensity of clamping pressure = 


0*05 ap 
7 rdju) 



but 
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Therefore 

s 

Intensity of clamping pressure = 

__ 0-0125 pd s 
w 


0-057 rpd, 2 
47 rd s w 


. Eq. 7.1 


'To ensure fluid-tightness, therefore, at the seat-contacting faces 
this value should be equal to 1 - 5 p (as previously pointed out) and 
allowance made for the reduced pressure obtaining, then 


0-0125 pd 8 


w 


i *5 X °*95 X p 


whence 


w == 0-00872 d s (say o-oi d s ) 


. Eq. 7.2 


It may be deduced from the above that the width of the seating 
faces in actual contact is a function of the effective diameter of the 
seating and takes no account of the blowing-off pressure. 

For a permissible pressure drop of 10 per cent (in valves below 

1 £ in.) the width will be given by 


U) = 0-02 d„ 


Eq. 7.3 


Table 7.1 gives dimensions of w and corresponding face area a c 
based on the foregoing formulae, for valves ranging from £ in. to 
6 in. nominal bore, inclusive. 

It seems reasonable to suggest that the unit pressure between 
safety valve seatings may be rated much higher than that of screw- 
down stop valves since there is none of the screwing action which 
usually accompanies the closing down of a stop valve. It will be 
appreciated that with “knife edge” seatings the clamping pressure will 
be appreciable, especially when the valve is not under pressure and, 
in consequence, the full force of the spring (or deadload) is trans¬ 
mitted to the seating faces. For this reason the materials chosen 
should be those best suited to withstand this high intensity of 
clamping pressure and the bores kept as small as possible. In this 
connexion high-lift safety valves, with their relatively small bore, 
would appear to merit consideration if only on this score alone. 

Notwithstanding the validity or otherwise of the foregoing 
theoretical treatment, practical requirements point to the adoption 
of somewhat wider seating faces than those given in Table 7.1 
from considerations of providing against premature failure due to 
“wire-drawing,” the inseparable accompaniment of each discharge, 
and also as a precaution against distortion. 

G—<T.710) 
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The widths as determined from the purely theoretical treatment 
are embodied on the lower dotted curve in the graph of Fig. 7.11 
whilst the full curves give values more in accord with practical 
requirements and are based on the results of actual performance. 
There is no evidence so irrefutable as that derived in this way and 
the values given in the upper curves may be adopted with every 


Table 7.1. Details of Flat Seatings for Safety and Relief Valves 

AS DERIVED FROM EQUATIONS 7 .2 AND 7.3 


Nominal Diameter 
of Valve 

Width of Seating Edge 
w — 0*02 d a for Valves 
less than 1 iin. diameter, 

= o-oi d t for Valves i£ 
in. diameter and above 

Face Area of Seating 
= a e = 7 rdjua (approx.) 

in. 

in. 

in.* 

* 

0*010 

- 0 0157 

i 

0015 

0*0353 

• 

1 

0*020 

0*0628 

i* 

0*0125 

0*0490 


0015 

0*0706 

2 

0*020 

0*1257 

2* 

0*025 

0*1970 

3 

0*030 

0*2827 

3 i 

0*035 

0*3838 

4 

0040 

0*5026 

4 * 

0045 

0*6361 

5 

0*050 

0-7854 

6 

0*060 

1*1310 


confidence. The theoretical values would be satisfactory were it 
possible to maintain the seating edges free from distortion and 
erosion. 

Since the safety of any boiler or other pressure vessel is mainly 
dependent upon the efficiency of the safety valves fitted, every care 
should be taken to ensure that these are of sound design and 
construction. Failure of these may spell failure of the whole plant 
to which they are adjunct. In this connexion certain rules are laid 
down governing safety valve design and performance, notably 
those prescribed by the British Standards Institution and the Board 
of Trade (in this country) and in the interests of safety it is essential 
that these rules are rigorously observed in so far as they apply. 
Safety valves destined for use on land boilers should be designed in 
accordance with recommendations given in B.S. 759: 1950 ( Valves , 
Gauges and Other Safety Fittings for Land Boiler Installations*) and 
for Marine Boilers the Board of Trade Rules {Instructions as to the 

* The British Standards Institution, 24/28 Victoria Street, London, S.W.i. 
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Survey of Passenger Steamships *) should be additionally consulted. 
It must be remembered that whenever any mishap to a boiler or 
kindred plant is attended by a fatal accident the Board of Trade 
immediately institute an inquiry into the circumstances. Where 
non-compliance with the essential requirements is subsequently 
proved, the offending parties may be summarily dealt with for 
criminal negligence. Draughtsmen and designers should take note 
of this fact accordingly. 


Minimum Aggregate Area 


One essential requirement of any steam safety valve is that its 
area should be sufficient to discharge the steam as quickly as it is 
generated, this in the event of the consumption being arrested for 
any reason. Failure to comply with this requirement would 
inevitably give rise to a dangerous increase in pressure, which, if 
unchecked, might easily culminate in an explosion. 

Safety valves are now classified in B.S. 759: 1950 under the 
following headings— 


(i) Ordinary Safety Valves wherein the valve member lifts auto¬ 
matically at least —, where D is the diameter of the seating. 

24 0 

(ii) High-lift Safety Valves wherein the lift is at least —. 

12 


(iii) Full-lift Safety Valves wherein the valve member lifts auto¬ 
matically a distance such as will permit of a discharge area around 
the edge of the seating equal to the area through the valve orifice, 
making due allowance for the loss of area due to guides or other 
obstructions. 

It is doubtful whether the valve members in the vast majority of 
safety valves of ordinary construction (that is, valves devoid of any 
aids for augmenting the lift) ever lift to the extent indicated in 
(i) above. Quite a few people, including some engineers, foster 
the belief that quite ordinary safety valves obligingly open up 
full-bore when discharging fully and this belief is very difficult to 
dispel, so deep rooted has it become. If this were the case then 
many designers, not so deluded, could have spared themselves 
much hard thinking in an attempt to devise, a full-bore valve. 

In B.S. 759: 1950 the following rules are given for determining 
the minimum aggregate area of safety valves. 

* H.M. Stationery Office, York House, Kingsway, London, W.C.2, and 
Provincial Centres. 
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Clause 14 (a) Saturated Steam. The minimum aggregate area of the 
orifices through, the seatings of the safety valves on each boiler * (including 
high steam and low water safety valves) shall be found by the following 

formula. 

A = §p ■ ■ • . Eg. 7-4 


where A = for ordinary and high-lift safety valves the aggregate area in 

square inches of the orifices through the seatings of the valves. 
= for full-lift safety valves the net area in square inches through 
the seats after deducting the area of guides or other obstructions 
when the valves are fully lifted. 

E = total peak load evaporation in lb /hour (including evaporation 
from water walls , steaming economizer , and other heating 
surface in direct communication with the boiler) for which 
the boiler is specified. In no case , however , shall the evapora¬ 
tion as calculated for this purpose , be based on less than 
6 lb I hour I ft 2 of heating surface (exclusive of superheater 
and non-steaming economizer). 

P = highest pressure to which any safety valve is to be set to lift in 
lb jin 2 Absolute. 

C = a constant obtained from the following table. 


For boilers having an evaporative capacity of less than 2,500 lb of 
waterjhour — 



C 

C 

Type of Valve 

Spring-loaded Valves, 

Weight-loaded Valves , 

Direct and Lever 

Direct or Lever 

Ordinary . 

4 

4*8 

High lift . 

8 

9-6 

Full lift . 

16 

16 


For boilers having an evaporative capacity of 2,500 lb of water/hour or 
over, C may be increased as follows — 



C 

C 

Type of Valve 

Spring-loaded Valves 

Weight-loaded Valves 


Direct and Lever 

Direct or Lever 

Ordinary . 

48 

4-8 

High lift . 

9‘6 

9*6 

Full lift . 

20 

20 


♦ Subject to the application of Eq. 7.5 (formula 2 in B.S. 759: 1950) the term 
“boiler” shall include any superheater fitted to the boiler without an intervening 
top valve. 
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Where two valves are loaded by a single spring the areas shall be increased 
by 50 per cent . Where approved relieving capacity tests have been carried 
out higher constants than those given in the above tables may be used . 

(b) Superheated Steam . If the valves have to pass superheated steam 
the area shall be increased in accordance with the following formula — 




+ 


1,000 


• Eq * 7-5 


where A s = area in square inches for superheated steam 

A = area in square inches for saturated steam , and 
T = degree of superheat in °F. 

Clause 15 states— 

The valves shall be so designed that the maximum peak load evaporation 
for which the boiler is specified will be completely discharged with a rising 
pressure of not more than 1 o per cent of the safety valve blow-off pressure . 

This permissible rise is known as accumulation . 

The Board of Trade give the following rule for determining the 
minimum aggregate area of locked-up safety valves of ordinary 
spring-loaded type, but in no case should valves less than 1 \ in. in 
diameter be passed without the special sanction of the Board of 
Trade. 


A HK 
(p+ 15) 


. Eq. 7.6 


where A = aggregate area of locked-up safety valves in square inches 

H = total heating surface of boiler in square feet 

p = working pressure of boiler in lb/in. 2 (gauge) 

K = a constant = 1 *25 for coal-fired cylindrical boilers 

situated in open stokeholds 

= 1 *50 for coal-fired cylindrical boilers with 
closed stokeholds and forced draught 

= 1 *50 for oil-fired cylindrical boilers 

= i-10 for coal-fired water-tube boilers, 
with natural draught 

= 1*25 for coal-fired water-tube boilers with 
forced draught 

= 1*25 for oil-fired water-tube boilers 


It will be noted that the B.S. formula gives a size determinable 
from the evaporative capacity of the boiler whilst the Board of 
Trade formula is based on the heating surface. The two are, of 
course, inter-related. 
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The Board of Trade stipulate that the seatings should be secured 
by studs and nuts (Fig. 7.12) although no objection is levelled at 
the superior alternative method employing special square-headed 
set-screws as depicted in Fig. 7.13. 



Fig. 7.12 Fig. 7.13 


Reference has been made to high-lift safety valves and the reader 
may rightly wonder what modifications are required to a safety 
valve in order to qualify it for this description. Attention is directed, 
therefore, to the most ordinary of ordinary 
safety valves, those embodying an ele¬ 
mentary form of valve member of 
the type shown in Fig. 7.14 commonly 
employed in the simpler and cheaper 
safety valves. 

The lift in a valve of this type is 
generally much less than the value of 
D 

— prescribed by B.S. Rules and the 

steam in issuing through the narrow 
slit presented by the partially raised 
valve member into a zone of reduced 
pressure (not necessarily atmospheric, 
since the outlet may offer some res¬ 
triction) will acquire a velocity of Fig * 7* r 4 

from 1,000 to 1,800 ft/sec depending upon the pressure differ¬ 
ential and other factors. In an endeavour to augment the lift, 
and thus obtain a greater area of discharge with a corresponding 
reduction in the size of valve required to pass a given volume, many 
artifices have been devised, principally directed at utilizing the 
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kinetic energy of this high velocity escaping steam by permitting it 
to impinge on to a suitably shaped projection on the valve member. 

Figs. 7.15 and 7.16 depict two forms of valve members modified 
in this way by the inclusion of an integrally cast reaction-plate or 



skirt with the seating similarly modified in a manner calculated to 
deflect the flow on to the plate, the two in combination producing 
the desired effect. Fig. 7.17 depicts an unusual form of seating 
arrangement employed on certain makes of deadweight safety valves. 

It is customary, particularly in marine practice, to fit a waste 
pipe for the purpose of conducting the discharge steam away to 
some point where it will not cause any inconvenience. On ship¬ 
board this waste pipe is usually conducted alongside the funnel, 
and if such pipes are of insufficient cross-sectional area severe back 
pressure, militating against the free lift of the valve, will be experi¬ 
enced. Pressures as high as 35 lb/in. 2 gauge have been registered 
in waste pipes of this kind. B.S. 759: 1950 (already referred to) 
gives the following Clause (No. 19a) for determining the minimum 
area of discharge from steam safety valves. 

Steam Safety Valves 

(i) Ordinary and high-lift valves . Where a waste steam pipe is fitted , 
the pipe and passages leading to it shall have a cross-sectional area not less 
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m square inches than the minimum combined area of the safety valves required 
by Clause 14 a. 

(ii) Full-lift valves. For full-lift valves the area of waste steam pipe 
and passages leading to it shall have a cross-sectional area not less than 
twice Ay or such area above this minimum as may be required for valves 
having a higher approved constant , where A, E, and P are as defined in 

Clause 14 a. 

In the case of economizer safety valves the area of the discharge 


I 



pipe should be at least twice the area of the valve seating. (For 
other relevant information the B.S. Specification should be con¬ 
sulted.) The Board of Trade stipulates that the waste pipe and 
passages leading to it should have a cross-sectional area not less 
than i*i times the combined areas of the safety valves as given by 
the rule previously mentioned. 

The back pressure induced in the waste pipe and/or in the 
discharge side of the valve body may be additionally utilized for 
the purpose of augmenting the lift by permitting it to act upon a 
piston abutting on the spindle, and this feature is embodied in 
quite a few of the better known valves, notably Cockburn’s improved 
high-lift double-spring safety valve depicted in the sectional illustra¬ 
tion in Fig. 7.18 and in outline in Fig. 7.20, the latter depicting the 
valve blowing off in its customary decisive manner. 






Fig. 7.18. 2-in. Cockburn Improved High-lift Double-spring 

Safety Valve 

{Reproduced by courtesy of Messrs. Cockbums, Ltd., Glasgow) 














Fig. 7.19. Hopkinson “Hylif” Single-spring Safety Valve 

(Reproduced by courtesy of Messrs. Hopkinson*, Ltd., Huddersfield) 
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In Fig. 7.18 it will be seen that the lower spring cap has an 
extension or skirt which is arranged a sliding fit in a floating cylinder, 
which in turn rests loosely upon a diaphragm plate trapped between 
the spring casing and the cover flange of the chest. By this arrange¬ 
ment the back pressure, so detrimental to the lift of the valve member 



Fig. 7.20. Improved High-lift Double-spring Safety Valve showing 

Discharge at Full Lift 

(Reproduced by courtesy of Messrs. Cock bums, Ltd., Glasgow ) 


in an ordinary safety valve, is now constrained to exert a pressure 
on the area circumscribed by the outside diameter of the skirted 
portion of the spring cap (or piston) and thereby augments the lift. 
This feature, in combination with that provided by the lipped form 
of valve member and its seating, results in a safety valve possessed 
of very high lift characteristics, so much so that the discharge 
capacity is actually double that of any ordinary lift safety valve 
and for this reason the seating area requires to be only half the 
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area of that determined by the usual formulae. It will be appreciated 
that this means an all-round reduction in the dimensions 
valve as a whole. The validity of the maker’s claim is borne out 
by the fact that the Board of Trade, Lloyds, and other survey 
authorities approve the adoption of this valve at half the seating 
area as determined by their rules for valves of ordinary construction. 

Fig. 7.19 depicts a single-spring safety valve also possessing high 
lift characteristics, namely the “Hylif” safety valve, manufactured 
by Messrs. Hopkinsons, Ltd., Huddersfield. In this design the 
piston for augmenting the lift forms an integral part of the valve 
member itself. It will be noted that the inlet approach is in the 
form of a nozzle and the makers claim that the discharge of this 
valve is practically equivalent to that obtainable from an open- 

ended nozzle of the dimensions shown. 

The spring is of heavy rectangular section enabling a shorter 
and more resilient spring to be used than in ordinary valves and 
one with less buckling tendencies, thus enabling the overall height 
of the valve to be reduced considerably. It is claimed that additional 
lift is produced by the increasing area of the valve member subject 
to pressure as the valve lifts, and the reaction on the valve member 
of the deflected flow of steam, this deflexion being caused by the 
adjustable sleeve enveloping the valve member. 

The spindle is of stainless steel and guided both above and below 
the spring in order to ensure perfect alignment. The valve member 
and seating are of the firm’s well-known “Platnam” metal of 
proved merit for high temperatures and pressures. 

It will be observed that in both the foregoing examples of modern 
safety valve design the winged type of valve member has been 
avoided, as it should be, since wings are apt to stick in the seatings, 
apart from obstructing the free flow of steam and taking up much 
valuable area. Where wings are employed, the overall clearance 
allowance should not be less than -fa in., measured on the diameter, 
and the wings should not project below the level of the seating. 
This is in accordance with Board of Trade Regulations. 

One boiler insurance company recommends even more liberal 
wing clearances, as follows— 

3^ in. on all valves up to and including i-in. bore, 

-fe in. on all valves above i-in. and up to and including 

2^-in. bore, and 

^ in. on all valves above 2|-in. bore. 

The detail design of the various components will now receive 
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consideration, commencing with the spring-loaded pattern, since 
this is the one more commonly employed. Reference should be 
made to Fig. 7.22 depicting a typical double marine spring safety 
valve. 

Spindle Design 

The spindle is subjected mainly to a direct compressive force 
imparted by the downward thrust of the spring and wholly resisted 
by the upward reaction of the seating edge under conditions of 
zero pressure (as previously pointed out in the section devoted to 
seatings) such reaction being gradually supplanted by the upthrust 
of the fluid pressure as this builds up within the approach thorough¬ 
fare until a condition, is reached at which the pressure upthrust 
balances the downward thrust of the spring. 

The maximum force F ai therefore, which may be imparted to the 
lower extremity of the spindle is that due to the spring thrust and 
this will be given by 

F a = effective area of seating X B.O.P. + clamping force 
required to make a pressure-tight joint at the seating 
faces 


Then F a = 7 P d ' 2 + 1 iP (nd,w) 

4 

;+6k; 

4 

Direct compression may be assumed since the ratio of this un¬ 
supported length to diameter is usually insufficiently small to 
qualify it as a strut, and when the spindle is not cottered (as in some 
designs) the diameter d x at the point referred to may be determined 
by equating the product of stress and area to the force applied. 


• E q- 7-7 




where f c = the allowable compressive stress. (Suitable values for 

f c are given in Chapter 5 devoted to screw-down 
stop valves) 


whence 



Practical considerations indicate the inclusion of a constant k , 
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which may be taken from the graph in Fig. 5.7 given in Chapter 5 
devoted to screw-down stop valves, 


whence 


d. 


+ K 

'V 7 rf c 


Eq. 7.8 


Certain designs, notably those coming under the surveillance of 
the Board of Trade, must incorporate some provision for rotating 
the valve member on its seating, in which case the spindle will 
require to be cottered to this member, as was shown in Fig. 
7.18 previously described and in which a cylindrical cotter is 

portrayed. . , 

Alternatively, flat cotters with rounded edges may be employed, 

as shown in Fig. 7.21 in which case the hole thus necessitated to 

receive the cotter has a pronounced weakening effect on the spindle 

which must be increased in diameter to compensate for the material 

removed. 

The compressive strength of a spindle thus weakened will be 
given approximately by 


c 



and, therefore, 


dJc (4 


Eq. 7-9 


2 > 


a simpler expression for d 2 

may be obtained. 

Taking c - 

+ 

11 

fe in -> 

then, by substitution, F a 

= 4 /c 

h-( 

16F a 

1 

•tT 

II 

3 d 

8-567 fc 

8-567 


+ 



Solving for the quadratic 


J 


Eq. 7.10 


No constant is required in this case since the enhanced diameter 
occasioned by the necessity of compensating for the weakening 
effect of the cotter-hole provides the extra degree of lateral stiffness 
required. 



Fig. 
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Spring Design 

Whilst there are numerous formulae, empirical and otherwise, 
governing the design of helical compression springs such as are 
employed in safety valves, the rules prescribed by the Board of 
Trade should be rigorously observed. These rules are amplified in 
B.S. 759: 1950 Valves , Gauges and Other Safety Fittings for Land Boiler 
Installations to which reference has previously been made. According 
to these rules, the initial compression to give the desired load is 
one-quarter the diameter of the valve seating but the Admiralty 

specify double this amount. 

Much confusion regarding the lift of a safety valve when blowing 
off at full can be attributed to a misinterpretation of the term 
compression in the Board of Trade formulae. This specifically refers 
to the initial compression to be imparted to the spring in order to 
produce the necessary axial force to counter the pressure upthrust 
and other resistances and does not apply to any subsequent compression 
resulting from valve lift, which is very small in comparison. 

Clause 26 (b) of B.S. 759: 195° states— 

The compression or extension of safety valve springs required to load the 
valves to the set pressure shall not be less than one-quarter of the diameter oj 

the valve . ... 

Whilst this clause states that the initial compression (or extension) 
shall not be less than one-quarter of the diameter of the valve, this 
value is rarely exceeded by designers in their calculations as the 
stress induced in the material of the spring is directly proportional 
to the compression (or extension). 

Clause 26 (b) continues— 

The proportion of unloaded length to external diameter of the spring shall - 
not exceed 4 to 1. 

This calls for no interpretation although many designers fall 
into the error of making the free length of compression springs 
very much in excess of 4 D 0 (see Fig. 7.23) resulting in a spring which 
is lacking in lateral stiffness, and tending to become bowed. This 
tendency may cause tilting of the valve member and undue flexing 
of the spindle whose thrust should always be co-axial with the valve 
member if freedom of movement of the parts is to be assured. 

This error may generally be attributed to the number of inter¬ 
dependent variables in the spring formulae which often involve 
the designer in much tedious repetitive calculation. 

Clause 26 (b) also states— 

The maximum shear stress as determined by the following formulae shall 
not exceed 80,000 lb/in . 2 
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(1) Round Section 


Stress 


(ii) Square Section 


Stress 


(Hi) Rectangular Section 


Stress 


K 16SR r 

ird* ° ‘ 

. Eq. 7.11 

K ^^ C . 

d z 

. Eq. 7.12 

( 3 *+ i‘8 H)SR 

B 2 H 2 • 

• e 9 - 7- ! 3 


where 


K 


4 D 

d 

4 D 
d 


+ 


0-615 


4 7 


(In the case of rectangular sections substitute B for d.) 
S = load in pounds at set pressure 
D 

R = —, mean radius of coil (inches) 


d 

B 

H 

D 

C 


. Eq. 7.14 


£1 


diameter of round or side of square steel ( inches ) 
breadth of wire (radial to spring axis) (inches) 
depth of wire (parallel to spring axis) (inches) 
mean diameter of coil (inches) 
constant 

Z/ji x 

initial compression or extension of the spring (in.) to the required loading 
(P X A) where P = design pressure (lbjin. 2 ) (set pressure); 
A = loading area of valve 

the further compression or extension of the spring to give the lift as 
defined in Clauses 13 and 25 (in inches) 


Examples 

C = 2 where compression or extension of spring to give the required loading 
is £ diameter of valve 

C = 1-5 where compression or extension of spring to give the required loading 
is \ diameter of valve 

C — 1*25 where compression or extension of spring to give the required 
loading is full diameter of valve 




Fig. 7.22 

D = V2 d = 1 *415</ for double 

valve 

Z) = V$d = 1*732for triple 

valve 

D = V4.d = 2-ooo d for quad¬ 
ruple valves 









9 •6*r/ > 


for ordinary valves 


for high-lift valves 


for full-lift 
valves 





x 
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In order to simplify the evaluation of the oft recurring ratio of 
mean diameter to size of coil ^, values of K may be deter¬ 

mined from the graph shown in Fig. 7.24. 

For small valves and moderately low pressures, springs of 
round-section wire are usually employed, square section being 
reserved for the larger sizes of valves or those intended for high 
pressure, whilst springs of rectangular section are specifically 
intended for valves having high lift characteristics in order to 
provide for more than the usual amount of subsequent deflexion. 

Clause 26 ( e) states— 

. . . The number of effective or free coils in a compression or extension 
spring shall be determined from the following formulae — 


(i) For round or square wire 

JV* = 

KCd 4 
" SD 3 

. Eq. 7.15 

(ii) For rectangular wire 


66 B*H*K 
' (B 2 + H 2 )SD 3 

. Eq. 7.16 


where N = number of effective coils 

K = compression or extension in inches at set pressure 
C = 22 for round , 30 for square steel 
d = diameter or side of square steel in 16 ths of an inch 
S = load on spring in pounds at set pressure 
D = mean diameter of coil in inches 
B = breadth of wire in 16 ths of an inch 
H = depth of wire in 16 ths of an inch 


Having satisfied the requirements stipulated in Clause 26 (b), 
namely, that the shear stress in the material of the spring does not 
exceed 80,000 lb/in. 2 , the number of effective coils may now be 
determined from the above formulae. 

By effective coils is meant the actual number of coils which take 
part in the resistance of the applied loads and not the dead coils, 
or portions of coils, at each end of the spring. The latter, being 
squared off and ground flat to present suitably flat bearing surfaces 
(see Clause 26 (£)) cannot be relied upon to take any share of the 
load. Consequently, these dead coils usually totalling from i\ to 2 
in any compression spring, must be discounted from the number of 
complete sections. This is best illustrated in Fig. 7.23 (see part 
sectional elevation) in which the number of effective coils may be 
taken to be nine. 
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Th^lpace between the coils, when the valve is lifted one-fourth of its 

diameter, shall not be less than fg in. . .. . . 

Having determined N, the number of effective coils, it is an easy 

matter to assign a suitable overall length to the spring based on the 

value of JV thus determined, and having regard to the minimum 

allowable space between the coils called for in the clause, allowing 



SPACE BETWEEN COILS TO BE 
not loss than j^in. WHEN VALVE 
IS FULLY OPEN 


Fig. 7.23. Safety 


INITIAL COMPRESSION 
not loss than Volvo d/otnotor+A 

—1— 



ADDITIONAL COMPRESSION 
at full HU Volvo diomotor + 4 (m/n) 


Valve Springs 


for the number of dead coils and the initial and working deflexions. 
There then remains the final task of checking the dimensions to 
ensure that the ratio prescribed in Clause 26 ( b ) is obtained. If 
not, then some amount of adjustment will be necessitated until a 
satisfactory relationship is obtained. 

Clause 28 states— 

Each valve shall be clearly and legibly marked with the following — 

(a) Manufacturer's name and identification mark. 

(b) Set pressure in lb/in. 2 

(c) Diameter and design lift in inches. If High Lift the letters HL and 
if Full Lift the letters FL to be added. 

(d) The number of this British Standard ( B.S. 759.) 

The design shown in Fig. 7.22 incorporates an inscription plate 
of a type which complies with the above Clause. Such inscriptions 
may be cast in raised letters and numerals on the body or otherwise 
conspicuously displayed, or may be arranged on a separate plate 
securely attached to the valve. 
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Fig. 7.22 (and also Fig. 7.18) depicts a typical double-spring 
safety valve which is generally styled “Marine Pattern” since it is 
favoured for use on marine boilers. Whilst the design portrayed 
does not represent any particular maker’s standard nevertheless 
it is designed in strict conformity with existing rules governing the 
design of such a valve. Triple, or even quadruple, valves of similar 
construction to the one shown are sometimes called for, although 
the double valve is the one more commonly employed, the high 
lift characteristics of certain makes rendering anything more than 
two valves superfluous. 

The main inlet thoroughfare will naturally require to have an 
area at least equal to the combined areas of the separate valve 
searings whence it can be shown that the diameter D x of the inlet 
thoroughfare will be given as* 

D x = V^2 d 8 = 1*414 d a for double valves . Eq. 7.17 
= V3 d 8 = 1*732 d a for triple valves . . Eq. 7.18 

= V4 d 8 = 2*ooo d 8 for quadruple valves . Eq. 7.19 

Chests 

The complex shape of the chest defies any attempt to determine 
accurately the thickness but the treatment given in Chapter 15 
might be applicable if due discretion is exercised and experience 
and precedent accepted as the main guiding factors. A liberal 
thickness is advocated in the region of the neck to cater for the 
effects of vibration in addition to that of meeting pressure require¬ 
ments. For the same reason the inlet flange should be made larger 
than that appropriate to the pipe size denoted by the bore D v 

The chest is usually made in cast iron for all steam pressure up 
to 240 lb/in. 2 , saturated, but the general requirements prescribed 
in B.S. 759: 1950, Clause 2 (a) et seq . should be observed. (Reference 
will be made to this aspect in Chapter 15.) 

It is suggested that cast steel be adopted wherever there is any 
doubt regarding the choice of material for the valve chest. 

The spring casing may be of cast iron and it will be appreciated 
that this will be subjected to a direct tensile force resulting from 
the spring thrust and transmitted by the compression screw and 
top plate to this member. Basing design solely on the tensile force 
imparted invariably results in a relatively thin wall thickness, but 
§ in. should be regarded as a minimum value if only from con¬ 
siderations of obtaining sound castings. 

* It is usual to round off D x to the nearest standard pipe size. 



SAFETY AND RELIEF VALVES 1 ^ 

If C is the mean diameter of the spring casing then the thickness 
t„ willlbe given very approximately by the relation 

,_^ . . . • Eq. 7-20 

* ~ irC m f t 

where/, is the allowable tensile stress, say 3,000 lb/in. 2 for cast iron, 
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Fig. 7.24 

but the ratio of area presented to that of the axial load imparted is 
generally so high as to give a thickness, by the exploitation of this 
formula, too small to satisfy practical requirements. 








THE DESIGN OF VALVES AND FITTINGS 


170 

The bolts and studs securing the spring casing to the chest are 
also subjected to tension under the combined influences of the 
axial load and the negligible pressure in the waste pipe exerted on 
the underside of the casing flange. 

It is permissible to proportion these studs, or bolts, on the assump¬ 
tion that they are subjected only to direct tension; no allowance 
need be made for the clamping effect to ensure a pressure-tight joint 
since leakage of waste steam at this point would occasion no disquiet 
and would only be in evidence at blow-off. 

The total tensile force in the studs will be given by F a + P u , 
where P u is the pressure uplift on the casing flange and equal to 

77 

“ Pe(d a 2 — < 4 2 ), Pe being the pressure in the exhaust pipe, d g the 
4 

diameter of the exposed area of the flanges (see Fig. 7.24), and d z 
the diameter of the spindle where it passes through the flange. 

Equating these combined forces to the resistance of the studs 

F a+ P u = a * n ft 

where a . is the cross-sectional area at the root of each stud, n is the 
number of studs and f t is the allowable working stress (for mild 
steel studs f t may be taken equal to 10,000 lb/in. 2 ) then 

F 4 - P 

„ 1 a 1 x u 

8 “ "ft 


4 _ 

n ft 


. Eq. 7.21 


If </ 4 is the root diameter of each stud then 



Eq. 7.22 


Remember that </ 4 is the root diameter of the stud. Studs less than 
£ in. in diameter should not be employed. 

The size of the studs securing the upper flange to the spring 
casing may be determined from a similar expression to that given 
in Eq. 7.22 above, save that they will not be subjected to exhaust 
pressure loading, the only force to be resisted being that of the 
axial force F ai then _ 

* - M 


. Eq. 7.23 
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Here ag*» «, « root diame.e, and studs 1- than i 

*4 or - ~ 

cotters and hexagonal termination I 

.•_ fV«A i\/p 


r 


of the cap, rotation of the valve 

member on its seating. No attemp. 

will be made to proportion this 
portion of the spindle from consider¬ 
ations of the torsional stresses im¬ 
posed since the disturbing influe "“ 
of the cotter-hole, together with the 
uncertainty attending the exact 
determination of the torque to be 
imparted, render any investigations 
unworthy of the effort expended 
and experience must be the guiding 
factor It is advisable to make the 
diameter of the upper portion not 
less than five-eighths the diameter 

of the lower. 

Attention may now be directed 
to the compression screw shown 

separately in Fig. 7 - 25 - * wlU be 
noted that the inside of the screw 

bears on the spindle for only a 
portion of its length, the remaining 
length being counterbored; this limits 
fridtional resistance to a minimum 
and prevents jamming. 

The compression screw is subjected in extent from 

to two forces, a force imposed by q ti£r htening down the 

a moment’s reflection will suggest that 

to hoth the maximum torque and full axial load at the instaniu 

repression of .ho spring was re.chod dnnng m.n.l 

SC The determination of the cross-sectional dimensions of the 



Fig. 7.25. 

Spring-compression Screw 
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would be tempted to indulge in any great display of mathematics 
to establish the essential proportions of such an apparently insigni¬ 
ficant item, anything short of a mathematical approach to the 
problem is but guesswork. 

For those who profess an interest in the better understanding of 
all the factors involved and who may recognize in what follows 
something which might be adapted to other applications where 
conditions are similar, the following method of approach may 
prove of more than ordinary interest. 

Assuming, then, that the screw is subjected to both a torque and 
an axial force at one and the same time, the torque will produce 
a shear stress and the axial load direct compressive stress; the problem 
is then that of determining the nature and magnitude of the principal 
stresses by the manipulation of established formulae. 

The torque to be imparted will be that required to overcome 
the frictional resistance between the nose of the screw (usually 
mitred, as shown in Fig. 7.25) and the spring plate, occasioned by 
the axial load F 0 . 

It can be shown that the moment of friction of a hollow pivot 
(of which the screw in question is a perfect example) is given by 



g^qfri 8 — r 2 3 ) 

3 sin 0 (rf — r 2 2 ) 


. Eq. 7.24 


where p is the coefficient of friction, F a the axial load and 0 half 
the included angle of the mitre (see Fig. 7.25). Then T, the torque 
required to overcome the friction of the pivot, will be equal to the 
above expression, or 

T= M f 


Having determined T the shear stress f 8 induced will be given 


by 



i6T 



. Eq. 7.25 


The compressive stress f c due to the axial force F a may then be 
determined from 




\ CD 2 - d 2 ) 


4 Fa 

— 7 T(D 2 — d 2 ) 


. Eq. 7.26 
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I, can be showa to. to ntobto. direct =«» A ““V b ' 

ob,toed fro. ^ _ J( ± V /7 + V?> . .*,7-7 

t»o «z-s r 

compressive stress ( ) an F be determined from 

Also, the maximum shear stress q max Y 


Q max 


± WP 2 + 4 ? 2 


Eq. 7.28 


WherC A r C ° mpreSSi T- IhT + U or - E* in^if instance have no 
induced by torque T; the + <> r S1 S 

to" 5 utooo of to — 

STditof; ^“^2™ to diameter of to 

TC 1 ” “ a 8 toSl S W 

hollow compression screw are i £ in. ana £ P 

from Eq. 7.26, the compressive stress will be 


fc 


4 X 3 > 200 

3«i4i6[(ii) 2 — (ii) 2 ] 
1,800 lb/in. 2 


From Eq. 7* 2 4 
T= 


[(il) 3 -(- 4 )!] 


= 2 X 0-15 x 3.200 3 x 0 . 866o [(#)*_(*)*] 
= 423 lb-in. 

The shear stress/, induced by this torque will be 

16 X 423 

J s 


3-I4 L—3 J 


= 375 lb/in. 2 

and the inaxiniuiTi ditcct stress 


n 


£(— 1,800 ± Vi,8oo 2 + 4 X 375 2 ) 
— 1,875 lb/in. 2 or + 75 lb/in. 2 
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that is to say, a major compressive stress of 1,875 lb/in. 2 and a minor, 
or tensile , stress of 75 lb/in. 2 

Maximum shear stress, q max = ± jVi,8oo 2 + 4 X 375 2 

= ± 975 lb/in. 2 

All these stresses are well below the usual permissible values for 
gunmetal, or bronze, of which the adjusting screw is generally 
made, indicating that the outside diameter in this example is 
somewhat on the high side and could be reduced; the inside 
diameter is fixed, of course, being determined by the diameter of 
the spindle. The compression screw might fail solely under the 
influence of the axial load, either by shearing of the screw threads 
or by their surfaces breaking down under too great a concentration 
of stress. 

Correlating minimum length of thread engagement t e , the 
maximum axial force F a and the mean diameter of thread d t 
{see Fig. 7.25.), we have the relation 

K = nd t \f M 


whence 



Eq. 7.29 


The value of t e thus derived is invariably too small to satisfy 
practical requirements and Eq. 7.29 may be amended by the 
addition of a constant to read 



. Eq. 7.30 


The shear stress f 8 may be taken equal to 3,500 lb/in. 2 for 
phosphor-bronze or gunmetal, admittedly a low value but essentially 
so if the stress concentration is to be maintained reasonably low. 
The compression screw should not be screwed directly into the 
cast-iron top plate but into a non-ferrous bush suitably housed 
therein and prevented from working loose by set-screws or other 
approved fastenings. 

It will be noted in Figs. 7.18, 7.19, and 7.22 that the top cotters 
are padlocked. This is an important feature preventing anyone 
from tampering with the valve setting once it has been adjusted 
and ferruled to the required blowing-off pressure. The ferrule is 
another important ancillary, preventing the spring from being 
compressed more than the amount required to give the necessary 
blowing-off pressure. There is no infallible method, however, of 
ensuring against deliberate sabotage but the meddler can be foiled 


to a certain extent. 



SAFETY AND RELIEF VALVES 1 75 

From considerations of maintaining| p"«fe»Uy 

the spring casing, of Mann. W'f J bJ. rccomplish.d by the 

be vented to atmosphere and “ i “ S ‘ 1|u „ rat .d in Fig. 7 .rf. 

provision of louvres as s ° . Q essent i a i in this type in order 

The provision of easing gear t u e ir seatings, either to 

, h „ ,h? valve members maybehfted off therr 

^""gn b '““ TOPPed be,W “" 



Fig. 7.26. Safety Valve Spring Casings 
Trade P . eat j. nes by an amount equal to one-quarter 

asarbSssy« doe..« s 

excessive lift will ever be required but provision must be made fo 

tH The'method. 6 of'lifdDg^ the valve members is by hand lever^and 
layshaft-operating forks bearing on the underside of the spring 

cans and is clearly indicated in Fig. 7.22. 

The leverage as ordinarily provided by these means is insufficient 

to ease the vflve members off their seatings against the resistant 
of the spring under zero pressure conditions, or at pressures 
substantially fess than the working pressure but no dlffi culty shou 
be experienced at pressures approaching the blowing-off pressure 
Something more pretentious than the arrangement shown would 
be required in order to accomplish such a feat. Consequently, no 
attempt will be made to proportion the easing gear from considera¬ 
tions of the forces imposed, since so much is indeterminate. 
Experience must be the guiding factor with robustness the principal 

aim. 










Fig. 7.27. 2$-in. Rams bottom Pattern Safety Valve for “Economic” 

. Type Boilers 
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principles of design since 1 anc j * s t h e embodiment of all 

\£tL sTfetyvalvelhould be, largely due to the exacting requirements 
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Fig. 7.28. Ross “Pop” Type Safety Valve 

(Reproduc'd by court", of Messrs. R. L. Ross uni Co., Ltd., Stockport) 

of the Board of Trade and other survey authorities. For the less 
important duties a much simpler construction is generally Q«Ue 
and there are innumerable applications wherein the simplest of 
safety valves will meet the case. Thus, it is not always essential to 
enclose the spring or even adopt a controlled discharge outlet. 
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Such a valve is illustrated in Fig. 7.27 depicting a form of Rams- 
bottom safety valve, a type often favoured on boilers of the Economic 
type. It will be seen that in this design two valves are loaded by a 
single spring, the discharge is direct to atmosphere, and the spring 
is in tension , as distinct from compression in the case of the Marine 
pattern. The valve members are in no way connected to the 
loading lever; in the event of the spring breaking, they are pre¬ 
vented from being blown away by the slotted restraining shackles 
shown. 

Locomotives used to be fitted with this type of valve but modern 
practice favours a valve of the pop type, an example of which is 
shown in Fig. 7.28. This depicts the well-known Ross Pop safety valve. 

Despite its low overall height (a desirable attribute in cases 
where height restrictions are imposed by tunnels and low bridges) 
the valve possesses high lift characteristics, the discharge being 
directed clear of the driver’s windows and thus not obscuring his 
vision. 

The lift is capable of very close regulation by means of the 
ingenious arrangement of top plate and cap, the latter being 
fashioned as a piston so as to take full advantage of the back pressure 
for augmenting the lift. A series of circumferentially disposed holes 
in these two members may be brought into or out of alignment by 
relative rotation of the plate and cap, thereby increasing or decreas¬ 
ing the area of escape. 

This particular valve will require no introduction to many rail 
travellers by virtue of its sometimes disconcerting habit of voicing 
its presence when least expected, particularly in stations. As if in 
atonement it is equally capable of lapsing into silent obscurity 
with the same promptitude. 

Lever Safety Valves 

The lever safety valve is one of the simplest of all safety valves, 
the loading being accomplished by a deadweight, or cheeseweight, 
operating in conjunction with a lever mechanism so as to produce 
the desired axial thrust on the spindle and valve member. 

Such a valve, in one of its simplest forms is illustrated in Fig. 7.29 

depicting a valve of the open discharge type. 

The lever safety valve is unsuitable for use on locomotive boilers 
and other mobile vessels for reasons which have already been 

outlined under the heading of spring safety valves. 

The design is simple, and the mechanics of the arrangement 
equally so, but the latter statement should not be taken as an 
excuse for designing by eye since such an expedient often leads to 
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disappointment and flagrant omission or iac —. , , 

working of the valve. . 

Consider the diagrammatic arrangement shown in Fig. 7-3 • 

The axial force F a due to the set or blowing-off pressure acting 

on the underside of the valve member is determined in exac y 



Fig. 7.29 


same way as that obtained in the case of the spring-loaded valve 
previously described, and calls for no reiteration. 

It will be apparent that we have a system of moments in operation, 
all acting about the fulcrum pin FP, comprising an anti-clockwise 
moment occasioned by the pressure upthrust acting through the 


7—(T.710) 
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fulcrum arm f m and a clockwise moment occasioned by the cheese- 
weight acting through the arm l v . 

It will be obvious that since the whole system is in static equili¬ 
brium the algebraic sum of these moments is zero. 

The frictional resistance of the fulcrum and thrust pins, and any 
other rubbing parts, will be ignored but it should be borne in mind 
that freedom of movement at these points is most essential. Pins 
of non-ferrous material should be adopted but where steel pins 



Fio. 7.30 


are preferred it is important that the lever should be .bushed with 
bronze. 

Neglecting friction and temporarily ignoring the weight of the 
lever, spindle, valve member, etc. 

F a f m -W t l v = o 


or 



. Eq. 7.31 


We are not entirely justified in ignoring the weight of the lever 
etc., and its omission in the case of low operating pressures will only 
lead to gross inaccuracy, but Eq. 7.31 will suffice to give a pre¬ 
liminary idea of the main dimensions and thus obtain approximate 
data by which to achieve greater accuracy. 

The fulrcum distance f m is mainly governed by the external 
diameter of the valve seating or valve member and should be kept 



SAFETY AND RELIEF VALVES 


181 


as small as possible in order to employ the lightest possible cheese- 

We Some trial and error is inevitable if unnecessarily complicated 
formulae are to be avoi< { e( J- , ^ lever its C ross-sectional 

strength by means to be described later.) 

strong ui y . f , va i ve member and spindle, w vi may 

disposal and suiiably 

accounted for in the expression 


Fj m - wy, 


w 


■f - »•/« 


Eq. 7-32 


/Note that in the third expression the length of the lever has been 
Sen as that measured from the centre of the fukrum pm Thi 
avoids complexity and the resulting error is inconsequential.) 


FJm 


Whence 


W t 


Wvfm 


l 


. Eq. 7.33 


The determination of the requisite proportions of the cheese- 
weight to satisfy a desired avoirdupois is a task usually accompanied 
bv much tedious repetitive calculation if reasonable accuracy 
desired, and it is not unusual in some works to find an accumulation 
of cheeseweight patterns of diverse shapes and sizes bearing 
t of uniformity. Generally the* grve no v»bfc 

indication of their actual weight for ready identification and time 
saving Where practicable, and when the accuracy of the resulting 
casting has been established, the numerical value of the weight 

should be cast on in raised symbols. _ 

In order to spare the designer from pursuing the monotonous 

task of calculating each and every cheeseweight required, figs. 7.3 , 
7 32 and 7.33 (and their accompanying Tables) depicting three 
different types of cheeseweight have been included to aid setection. 

Cheeseweights usually fall into one of two kinds; either they 
are of a type arranged to be slidably mounted on a level passing 

through the cheeseweight (as in Fig. 7 - 3 * or 7 - 3 *). ° r the V ma .X ^ 
pendulously mounted on a lever as in Fig. 7.33. The latter expedient 

is not altogether a desirable one inasmuch as it does not permit of 
any subsequent adjustment of centres. Moreover, it is not immune 
from unauthorized interference, its removal being a simple matter 
by anyone possessed of the requisite strength and having a tiair 



Fig. 7.31 

(For dimensions, see Table 
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for weight lifting. B.S. 759: 1950 stipulates in Para. 23 that the 
weights shall be attached to the lever in such a way that they cannot be moved 
inadvertently. This would appear to rule out the pendulous type of 
cheeseweight, yet they are often fitted. 

Fig. 7.31 depicts a type of cheeseweight in common use incorpor¬ 
ating a centrally disposed pinching screw for securely fixing the 
cheeseweight to the lever. There is, however, one pronounced 
disadvantage in this arrangement; the screw is liable to become 
rust-bound in course of time, making any subsequent adjustment 
a most difficult operation. In the event of the screw breaking off 
at the shank (a not unlikely event under such circumstances) one 
can well imagine the difficulty attending the removal of the broken 
parts, and it is quite conceivable that the hole would require to 
be enlarged and tapped oversize to receive a larger screw. 

A more satisfactory and no more costly arrangement is depicted 
in Fig. 7.32 which follows the design favoured in railway practice 
for the balance weights of signal and point-shifting gear, presumably 
on account of the disadvantages of the former type. Here, in place 
of a tapped hole for the pinching screw, is a cored cavity into which 



Fig. 7.32 

(For dimensions, see Table opposite) 









Weight 


SAFETY and relief valves 




is dropped an ordinary standard set-screw passing through a plain 
cored hole. (If preferred, the latter may be a drilled hole.) I he 
end of the screw may be gimlet-pointed with advantage. The 
cavity for the nut should be of such a width as will prevent the nut 
from turning, whilst affording it sufficient working clearance 

without recourse to any filing or machining. 

It might be argued that this arrangement is no more immune 

from the effects of rusting than the one shown in Fig. 7.31, but 
the employment of a brass nut would do much to obviate such 
tendencies. In the worst case, using a steel nut, this could be split 
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by means of a sharp chisel if its removal by other means proved 
difficult, and a new nut and screw substituted. 

For all practical purposes the centre of gravity of each cheese- 
weight may be taken to coincide with the geometrical centre of the 
casting proper. 

Spindle 

This item may be proportioned in exactly the same manner as that 
propounded in the case of spring safety valves previously described. 

Pins 

Both the fulcrum pin and the pin securing the spindle to 
the lever will be subjected to shearing and bending forces, the 
shearing forces being generally greater than the bending forces. 
It is required to ascertain the diameter of these pins before the 
dimensions of the lever can be established since the weakening 
effect of the hole for receiving the pin must be allowed for in 
determining the cross-sectional dimensions of the lever. 



Fig. 7.33. Pendulous Cheeseweight 

(For dimensions, see Table opposite) 
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Referring to the diagrammatic arrangement given in Fig. 7.30 
it will be apparent that the fulcrum pin will be subjected to an 
upwardly directed shearing force which will be denoted by Fp 1. 
Taking moments about the centre of the fulcrum pin 

Wtih -fJ F „ 

— • • • Eq. 7-34 


pi 


fm 


Similarly, the thrust pin will be subjected to a downwardly 
directed shearing force which will be denoted by ^P2* 

Again taking moments about the fulcrum pin 

W l 

P 2 = ~~c • • • E q- 7-35 

J m 


It will be seen that the thrust pin is subjected to a greater shearing 
force than the fulcrum pin, although pins of identical diameter 
are often employed, presumably in the interests of economy. 

The shearing resistance of the fulcrum pin will be given by 



where d fv is the diameter of the fulcrum pin 

Equating this expression to the shearing force and transposing 


tv 



Pi 



0-637 F n 


f. 


■ Eq. 7.36 


From consideration of providing adequate wearing surface, this 
might be amended with advantage to read 


7j> 



637 F n 


+ iin. 


• Eq. 7.37 


Similarly, the diameter of the thrust pin, d tv , may be determined 


d tv = + i in. . . Eq. 7.38 

Suitable values for/„ the maximum shear stress, are 6,500 lb/in. 2 
for rolled phosphor-bronze or manganese-bronze, 4,500 lb/in. 2 for 
brass (rolled bars) and 8,000 lb/in. 2 for “Monel” metal. 

Having thus ascertained the dimensions of the two pins, the 
essential details of the fulcrum jaw and the jaw forming the upper 
extremity of the spindle may be determined. 
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lever mechanism foul'd manifest itself as the P lift increased by 
virtue of the lack of flexibility provided in the lever system depicted. 

For this reason the best practice favours either ! he s ^ St * tU ^°" o °[ 
a linkage arrangement in lieu of the more rigi 
depicted or abandonment of the thrust pm in favour of a ball 
contact constrained to abut against the underside of the lever 

Fig. 7.34 depicts a linked fulcrum and Fig. 7-35 a ball thrus 

arrangement, two artifices often employed either singly or in 
combination. Reduction of friction to a minimum is essential m 
any safety valve if the maximum lift—and, therefore, discha g 
is to be Secured. In this connexion, knife-edge contacts at all 
swivelling points are advocated. The fulcrum bolt or stud is usually 
fashioned at its upper extremity in the form of a fork whose widt 
will be denoted by w f and the thickness of each blade by whence 
the net area subjected to tension under the influence of the upward 
force F P , previously determined will be that denoted by the cross- 
sectional area taken on a section whose plane contains the honzonta 
centre line of the pin, and is disposed at right angles to the vertical 

axis of the bolt. 

Then, obviously 


2 tff t {w, 




F P1 (see Fig. 7.35) . 


Eq. 7-39 


whence 


and 



. Eq. 7.40 
. Eq. 7.41 


For gunmetal f t may be taken as 5,000 lb/in. 2 , and for mild steel 
10,000 lb/in. 2 

It will be seen that t f and w f are interdependent variables, the 
arbitrary selection of one determining the other, and the problem 
then arises as to what combination of these two values is the ideal 
one, but any apparent indecision fostered in this direction may be 
readily disposed of when it is considered that the value of t f is, to 
some extent, determined by the necessity of providing sufficient 
bearing area for the pin. Too little area will result in too concentrated 
a distribution of load over the bearing area and spalling (or grooving) 
of the surface of the pin, or holes, will naturally ensue. The prior 




Fig- 7-34 
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determination of t fi therefore, from considerations of the foregoing 
requirements as distinct from the other necessity of satisfying 
Eq. 7.40 and 7.41, will establish the necessary relationship between 
t f and w r 

The projected area of the pin bearing surfaces will be given by 

a v = 2 t f d fp . . . Eq. 7.42 

whence the pin diameter as derived from Eq. 7.38 may be 
checked in order to establish whether this fulfils the additional 
requirement of providing sufficient bearing area. 

A Fpi r 

dfv = 2t~f * * * Eq * 7 * 43 

A suitable value foryj, in the case of gunmetal or phosphor-bronze 
may be taken as 2,000 to 2,750 lb/in. 2 

Having thus determined the fulcrum pin diameter to satisfy 
these two conditions, the dimensions of the jaw blade may be 
determined from Eq. 7.40 or Eq. 7.41. 

The shank and screwed termination of the fulcrum bolt or stud 
will be in pure tension for all practical purposes, when its diameter 
at the bottom of the thread may be determined from 

d bt = -f- J in. . . . Eq. 7*44 

(see Fig. 7.34 and 7.35). 

The value of/i may be taken equal to 5,750 lb/in. 2 for phosphor- 
bronze (cast), 4,000 lb/in. 2 for gunmetal or bronze and 10,000 
lb/in. 2 for mild steel. 

It will be noted that a constant has been introduced into the 
formula to cater for the minimum case, and in order to compensate 
for tightening-up stresses and possible bending stresses. 

Lever 

From considerations of economy in machining, the lever is 
generally cropped from a length of mild steel bar of rectangular 
section with no machining other than that of drilling the pin hole, 
or holes, and trimming off the ends. Any other machining would 
serve no material purpose apart from effecting an improvement 
in appearance. 

The maximum bending moment will be induced in that section 
of the lever situated immediately over the valve spindle and the 
section necessitated at that point will be maintained throughout 
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the whole length of the lever, in the ^^^Tfcature of the 
It will be appreciated that where a ^ 

design, as in Fig. 7 - 34 , e r “" ld be the case where the 

require to be somewhat larger th ^ shown j n Fig . 7 . 35) 

». w 5 ;^ d,« 

“ drilled lever shown in Fig. ,-34 

Mp 2 = 


or 


W t {l v -fj 




Eq. 7-45 


where f 

z 


and d } 


maximum safe stress, say io.ooo lb/in » for mild steel 
section modulus at point of maximum bending moment 

breadth 
total depth 

d a = diameter of hole 

Other symbols are as previously given. It should be observed 
that!/ 61 represents the diameter of the hole in the lever and not 
necessarily P the diameter of the pin, since if steel pins are used the 
hole S should be bushed with brass or gunmetal to comply with 

B Proceeding b or- d v may be determined from known date, 
bearing in mind\hat b v should be selected with due regard to the 
maximum permissible bearing pressure which may be imposed. 

Equating for d v 

fm) . J2 . . Eq- 7.46 

r 1 I A 



fK 

High-steam and Low-water Safety Valve 

No dissertation on safety valves would be complete if it omitted 
anv reference to that most important adjunct of Lancashire and othe 
internal-flued boilers, the high-steam and low-water safety valve, 

sometimes styled the “compound safety valve ” 

This fitting, originally patented and introduced by Messrs 

Hopkinsons, Ltd., in 1852, has survived the test of time, being 

still regarded as a standard mounting on such boilers and, althoug 

many improvements in design have been effected since its introduc- 

tion the principle of action remains basically the same, combining 

in one single fitting three separate and distinct safety features. 
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Firstly it comprises a safety valve loaded by lever and weight 
and secondly a deadweight safety valve pendulously loaded by 
plate-weights. The third feature consists of a float device which 
gives warning ol the near approach of a dangerously low water 
level, such as might endanger the safety of the furnace crown due 
to local overheating, if this became uncovered. 



Fio. 7.36. High-steam and Low-water Safety Valve 


The three essential features will be apparent from the sectional 
illustration shown in Fig. 7.36, whilst the ingenious arrangement 
of the two valves, one for “high steam” and the other for “low 
water” (a valve within a valve) is shown to greater advantage in 

Fig. 7 - 37 - 

Referring to Fig. 7.36, the float A, usually of vitrified firebrick, 
is suspended from the end C of the cast-iron beam BC, and when 
fully immersed in the water is balanced by the collection of plate- 
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weights D suspended fwh«reTe‘S 

Z« „ likely » have . “ fl 0 ,, il?u S .rated i„ 

Sg Ts 9 taring o?four sealed steel tabes bracketed togejher 

2 S”ia order to » Mow variations in water level. 



LOW-WATER VALVE 

CENTRALIZING AND 
SEAT RETAINING RING 

HIGH-STEAM VALVE 




Fig. 7.37. 


Arrangement of Seatings in H.S. and L.W. Safety Valve 


balance weights must be placed on the opposite end of the beam. 
Failure to appreciate this fact is probably responsible for much ol 
the doubt existing in the minds of some engineers as to the proper 
function of the “float,” imagining it to float on the surface of the 
water, like a ship riding at anchor. Such is not the case as will be 

seen later. a 

Reverting to Fig. 7.36, when the water level recedes and the tloat 

A is sufficiently uncovered, the plate-weights D will be insufficient 

to counterbalance the float which will then descend, deflecting 

the beam BC and causing the two triangular connexions cast on 

the mid-portion of the beam to lift the collar E threaded on to the 

centre-rod F. The weight of the float acting through the appreciable 

leverage provided should be sufficient to hit the plate-weight and, 

incidentally the smaller valve G thereby allowing steam to escape 

and giving the attendant due warning of an impending dangerous 

fall in the water level. 

When the projections on the beam BC are clear of the collar E , 
(i.e. under normal working conditions), the valve G acts as an 
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ordinary safety valve, loaded jointly by the deadweight H and the 
loaded lever L situated above the valve casing. 

Whilst Fig. 7.36 depicts the beam inclined with one end practically 
touching the boiler shell (this being the position it will assume 
under high-water conditions), the beam should be set horizontal 
initially. 



Fio. 7.38. V itri f i ed Firebrick Float for H.S. and L.W. 

Safety Valve 


The diameter of the high-steam valve is usually 3-57 in. so as to 
give an effective area of 10 in. 2 , a convenient figure for calculation 
purposes; in like manner the diameter of the low-water valve is 
usually made 1 *59 in. giving an effective area of 2 in. 2 

In order to analyse the principles of operation of what might 
appear to be an unwieldy and cumbersome piece of apparatus, 
first ignore the presence of the beam-and-float device and concen¬ 
trate upon the valve mechanism which, as we have already seen, 
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consists of a lever-and-weight loaded outer valve and plate-weight 
loaded inner valve. Also ignore for the time being the effect of 
any counterbalance weights. 

The working of this arrangement and all calculations related 
thereto will be best understood by referring to the diagrammatic 


I 



mild steel suspensiow 

ROD WITH BRONZE 
SCREWED LINER 


CAST IRON 
SPACING BLOCK 



Fig. 7.39. All-metal Tubular Float— H.S. and L.W. Safety Valve 


illustration given in Fig. 7.40, this being divested of all extraneous 
and irrelevant detail which might tend to obscure the main points 
at issue. 

The foremost procedure in design is to determine the amount 
of central suspensory deadweight required. Neglecting seat 
clamping forces for the moment this is easily obtained by equating 
the deadweight required and the steam load on the inner valve, 

hence * W s =2 p . . . . Eq. 7.47 

where p is the blowing off pressure in lb/in. 2 . 
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The weight W 9 thus obtained must, of course, include the weight 
of the weight-holder, rods, etc. It is usual to arrange for at least 
one of the plate-weights to have serrated edges which can be readily 
broken off by a light hammer blow to provide some measure of 
adjustment to the desired weight. The small cast-iron weight J 
shown at the opposite end of the lever (Fig. 7.36) is for effecting 
similar adjustment since the position of the cheeseweight is fixed. 



Fig. 7.40 


If the moving parts were actually balanced the weight of the 
cheeseweight W c could be readily obtained by equating clockwise 
and anti-clockwise moments about the fulcrum pin P (Fig. 7.40). 

A/m(lO —2) =WJ, 

from which W e = 7*4^ 

This gives results, however, not very far short of the actual figure 
obtained by more precise calculations in which the effects of all 
the moving parts are considered. Making such amendments 

Wn HIM) f wmt 1 1 /• 

A/m(i° — 2) + ay*: + — • — = W c l„ + w,f m 

from which 

W. = T - W t ) + BV»| + 7-49 
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where w t = weight of lever in lb per ft run, w f = weight of valve 
cage and spindle, other symbols being indicated on the drawing 

shown in Fig. 7 - 4 °- 

Balance Weight for Float 

Referring to Fig. 7.41, the balance weight W d must be sufficient 
to counterbalance the float when the latter is entirely submerged; 



Fig. 7.41. High-steam and Low-water Safety Valves 


but when the float becomes uncovered, due to a lowering of the 
water level, the gain in weight thus occasioned must be sufficient 
to produce a turning moment in excess of the counteracting moment 

produced by the balance weights. 

With the beam horizontal, the correct setting of the float is 
shown in Fig. 7.41, that is, with the underside of the float 2 in. 
above the centre line of the bottom arm of the water gauge; the 
top side (in the case of a float 4 in. thick.) will then be situated 
approximately i£in. below the normal working water level and 
the valve will then commence to operate for low water when the 
level has fallen sufficiently to show about 1 in. of “glass” above 
the lower gauge nut. This, of course, depends upon the ferrule E 
(Fig. 7.36) being correctly positioned on the rod F. 

Consider first the case where the float is completely immersed 
(as shown in Fig. 7.41). The beam is in equilibrium under the 
influence of two moments acting counter to one another, a clockwise 
moment due to the downward pull of the float and an anti-clockwise 
moment due to the counter-weights. It will be appreciated that 
the downward pull of the float under conditions of complete 
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immersion will be less than when the water-level has receded below 
its upper surface, the actual downward pull, when fully immersed, 
being W f — D f where W f is the actual weight of the float and its 
ancillaries and D f the total displacement. 

Assuming the beam balanced about the point of suspension, then 
for equilibrium 

x{W f — D f )—yW d =o . . . Eq. 7.50 


whence 


Wd = ~ (H/ — D f) • Eq. 7.51 


This enables the requisite amount of plate-weight W d to be deter¬ 
mined for a given float. 

By way of illustration, Fig. 7.38, previously referred to, depicts 
a two-piece vitrified firebrick float and its ancillaries as commonly 
employed, measuring 28 in. X 24 in. X 4 in., the total weight of 
which is 1 go lb, displacement 100 lb. The dimensions of the beam 
are as shown in Fig. 7.41, being representative of current practice; 
then from Eq. 7.51 

= 82*6 lb (approx.) 



This figure includes the weight of the carrier. 

In a correctly designed valve the float should fall heavily enough 
to lift the central plate-weights and open the inner valve to atmos¬ 
phere, a very desirable arrangement since this prevents the formation 
of a vacuum within the boiler should the contents be drawn off 

and no other provision be made for venting. 

If the float is capable of lifting the inner valve (loaded by the 
central suspensory plate-weights) in the case of zero pressure and 
extremely low water, then it follows that it will accomplish this 
more readily under working conditions since the pressure acting 
on the underside of the inner valve will assist in the lifting process. 
It is customary to load the larger valve (the lever-and-weight loaded 
valve) to blow off somewhat later than the inner valve, this coming 
into operation if the inner valve, together with that of any other 
separate safety valves on the boiler, are 01 insufficient area adequately 

to cope with the evaporation. 

It has been seen that the beam-and-float system cited in Fig. 7 j 4 ® 
and 7.41 requires a counterpoise weight of 82*6 lb; this information 
now enables the maximum blowing-off pressure for which such 
a combination of float and counterpoise is suited to be determined. 
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Since the inner valve has an effective area of 2 in. 2 , 2 p = W„ 
where W, is the downward pull of the central suspensory plate- 

W Aga'in referring to Fig. 7 - 4 «» still assuming zero pressure and 
very low water, the overturning moment produced by the falling 
float will cause an upward force to be imparted to the collar 
threaded on to the central spindle and transmitted through the 
agency of the triangular projections on the beam. This force will 

require to equal W M . 

The algebraic sum of all the moments about the fulcrum pin 
will be equal to zero, or 

WfX — $W s — W d y= o 

U r WfX — W d y 

w s = -- * 


whence 

sj 

Substituting previous values by way of illustration 

igo X 22J — 82*6 X24J 


Eq. 7.52 


w s 


750 lb (approx.) 


Now from Eq. 7.47 we know that p 


W. 


whence 


_ 75Q 

2 

= 375 lb/in. 2 


representing the maximum pressure at which the arrangement may 

be expected to function satisfactorily. 

With the all-metal float (Fig. 7.39) the total weight, including 
suspension rod, clamps, etc., is about 125 lb. These figures are 
subject to variation, and calculations should be based on actual 
weighings and displacement tests. Thus, in the case of an all-metal 
float, total weight 125 lb 

BY = 4 i£lb 

Wg = 600 lb 

and p' =3°o lb/in. 2 


Details of Construction 

The design of the various components closely follows the rules 
prescribed in the present chapter governing the design of lever 
safety valves of which the high-steam and low-water safety valve is 
a particular adaptation. 
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The same remarks apply to the proportioning of the various 
chests subjected to steam pressure, information regarding which 
will be found in Chapter io. 

Before dismissing this type of valve, however, it should be 
mentioned that the valve should be fitted in some conspicuous 
position with a data plate, preferably of engraved brass, indicating 
the blowing-off pressures of the two valves, the date of manufacture, 
maker’s reference number, amount of cheeseweight, counterpoise 
weight and any other useful and relevant information. 

Deadweight Safety Valves 

The simplest of all safety valves is the deadweight pattern since 
basically it consists solely of a seating and a mass of metal resting 
thereon, the latter of sufficient weight to balance the force tending 
to lift the valve member and to secure closure-tightness. 

The earliest safety valves were of this pattern due, no doubt, to 
their extreme simplicity, and present-day Lancashire and Cornish 
boilers are often fitted with a valve of this type, located near the 
front end of the boiler. The deadweight safety valve serves as an 
additional safeguard in combination with a safety valve of the 
spring-loaded variety and for this reason is almost invariably set 
to blow off at a pressure somewhat in excess of that of the spring- 
loaded safety valve, only coming into operation if the latter is 
incapable of coping with an excess pressure rise. 

The deadweight safety valve is unsuitable for high pressures on 
account of the great bulk of deadweight necessitated and the volume 
taken up. For example, a 4-in. deadweight safety valve for a 
blowing-off pressure of 250 lb/in. 2 would require a deadweight of 
approximately 3,140 lb (nearly i£ ton) apart from the weight of 
the ancillary portion of the valve. It is scarcely conceivable that 
any insurance company would sanction the installation of a valve 
of such bulk on a shell boiler. The only logical alternative would 
be to substitute a safety valve of the spring-loaded pattern. 

The point to be remembered is that in any deadweight safety 
valve the centre of gravity of the suspensory deadweight is situated 
well below the seating surface, thus ensuring that it will be self- 

centering. . .. 

A typical valve, devoid of all embellishments, but retaining all 

the essential features, is depicted in Fig. 7.42. This is of the open- 
discharge pattern, that is to say, the discharge is direct to atmosphere, 
as distinct from those designs in which the discharge is controlled 
and conducted to some point where it will not create a nuisance. 
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The seating dimensions should be determined in a similar manner 
to that prescribed earlier in the present chapter and it is considered 
e ood practice to secure the seating ring against leaving its recess 
bv means of a separate plate, or retaining ring, secured by studs 
and nuts (the latter preferably of brass) to the stem. This is shown 
to advantage in the design portrayed in Fig. 7.42. 



Fig. 7.42. Deadweight Safety Valve 


Since this type of seating ring is also a press-fit in its recess— 
from considerations of preserving fluid-tightness and as a means 
of ensuring accurate location—the studs will not be called upon 
to sustain wholly any appreciable upthrust, although this should 
not be regarded as an excuse for employing studs of diminutive 
proportions. On the contrary, a liberal allowance for corrosion 
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should be made and studs less than §-in. B.S.W. (or B.S.F.) should 
not be countenanced. The provision of brass nuts facilitates their 
removal, since steel nuts tend to become rust-bound. 

The minimum number of studs to employ may be taken as three 
in the case of small-bore valves, say up to 2 in. in diameter, whilst 
six are to be preferred in the larger sizes. 

The central stem qualifies as a hollow strut, being loaded by 
the total deadweight imposed, and is also subjected to an internal 
pressure, but the stresses incurred by the deadweight are generally 
small in comparison with those induced by the internal pressure. 

The stem may be made in cast iron where the pressure does not 
exceed 150 lb/in. 2 but not when superheated steam is being con¬ 
trolled. Steel casting or forgings should be employed for the 
higher pressures and for superheated steam at any pressure. 

The thickness t a may therefore be determined from the following 
empirical relations, where d s is the inside diameter of the stem. 



4 , 

60 


+ 0*5 in. for pressures up to 20 lb/in. 2 


t B = + 0-5 in. for pressures from 20 to 50 lb/in. 2 

t 8 — — + 0*5 in. for pressures from 50 to 100 lb/in. 2 

t _ == + °*5 in* f° r pressures from 100 to 150 lb/in. 2 

10 

The above values are for cast iron; for cast steel the following 
rules apply 

t == -f- 0*3 in. for pressures from 150 to 200 lb/in. 2 

* 16 



— -J- 0*3 in. for pressures from qoo to 250 lb/in. 2 


Determination of Requisite Deadweight 

It has been shown earlier in the present chapter that the maximum 
force required to be imparted to the valve member in any safety 
valve is determined by 



effective area of seating X B.O.P. + clamping 
force required to make a pressure-tight joint 
at the seating faces 

=M • ' ' 


• Eq. 7.53 
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where F a 

P 

ds 

and w 


and relief valves 

downward force in lb 

blowing off pressure in lb/in. 2 
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Fig. 7.43. Deadweight Safety Valve 


Then F a , calculated as above, will give the total deadweight required 
which, °of course, includes the weight of the plate-weight carrier, 
valve member and other appurtenances attached thereto. 

The wide diversity of configurations of the plate-weights and 
carriers adopted by various manufacturers prohibits any attempt 
being made to establish rules for the rapid determination of their 
essential dimensions, the task resolving itself into one of trial and 
error procedure in which precedent may be a guiding factor. The 
problem is one of simple solid geometry, and tedious rather than 
involved but should present no great difficulty. Once the actual 
weight has been established, the patterns should be marked 
accordingly for ready identification. 
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The plate-weights are preferably housed in a cast-iron case, as 
depicted in the design given in Fig. 7.43, mainly as a precaution 
against unauthorized interference with the setting but also from 
considerations of neatness. 

Designs vary so much between one manufacturer and another 
that it is somewhat difficult to propound any rules for the design 
of a valve of the type depicted in Fig. 7.43. In the design of the 
various scantlings a lot depends on the insistence of the foundry 
for sections amenable to moulding and casting rather than upon a 
too rigorous observance of the stresses to be countered. 

This is particularly the case with the design of the casing itself 
which also serves as the weight-carrier, since, in order to cater for 
the direct tensile stress to which the shell is subjected, an inordinately 
thin wall thickness more approaching that of sheet metal than that 
normally expected in a casting would apparently suffice; but 
from considerations of ensuring sound castings more substantial 
proportions are necessitated. 

The lid itself provides something of a problem in design, since 
it combines all the features of a complicated “flat plate” with 
the disturbing uncertainty of stress distribution occasioned by the 
presence of the radial brackets (usually four in number) springing 
from its upper surface, and that of the hole in the centre. The 
only redeeming features of the design are that the plate is obligingly 
symmetrical and the loading centrally applied, but this is scarcely 
sufficient inducement to indulge in a wealth of involved calculations. 
Instead, resort must be made to empirical devices and close 
approximation. The radial brackets, which we have seen are an 
integral part of the top plate, will be subjected to bending stresses 
and might be treated as individual cantilevers, although this 
is not a strictly valid supposition. A liberal display of metal is 
most advantageous in these members, particularly at their 

mid-section. 

It will be appreciated that the whole of the deadweight is carried 
by these brackets which, depending upon their actual configurations, 
may be subjected to both direct tension and bending stresses in 
combination. 

The bolts securing the top plate to the casing are subject to 
pure tension but here again the determination of the number and 
size required is determined more from appearance than from the 
load they are called upon to sustain, since it will be found that 
bolts of very small diameter will generally meet all that is required 
in the way of resisting the load imposed. A diameter of in. 
should be regarded as a minimum and might be increased with 
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advantage, since these bolts are subject to corrosion due to the 
effects of condensation and their usually exposed location. 

As previously pointed out, it is often desirable to convey the 
discharge to some point outside the boilerhouse, in which case the 



Fig. 7.44. Hopkinson Controlled-flow Deadweight Safety Valve 

(Reproduced by courtesy of Messrs. Hopkinsons, Lid., Huddersfield) 

design shown in Fig. 7.44 may be adopted. This depicts a controlled- 
flow deadweight safety valve manufactured by Messrs. Hopkinsons, 
Ltd., Huddersfield. As in the former example (Fig. 7.43), a stop¬ 
ring cast on the inner casing is designed to come into contact with 
suitably disposed projecting studs so as to prevent the weights 
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being blown away in the event of a sudden rush of wet steam which 
might result from serious priming. Other features will be apparent 
from the illustration. 

In the case of valves with controlled discharge it must be re¬ 
membered that the bore of the outlet, and all passages leading 
thereto, must be appreciably in excess of the nominal diameter 
of the valve, on account of the greatly increased volume of the 
issuing steam which will have dropped in pressure to a value 
approaching atmospheric. 



CHAPTER 8 


NON-RETURN VALVES 

There are many applications of fluid control wherein it is particu¬ 
larly essential to maintain the flow uni-directional; in the pumping 
of liquids, for example, this necessity will be at once apparent. 
The tide non-return, therefore, adequately describes a valve of this 



Fig. 8.i. Vertical Check Valve 

type, although it is mainly reserved for valves of large bore, but the 
terms check, back-pressure, reflux, retention, non-return, are synonymous, 
each appropriately describing a valve of the non-return family 
wherein the flow is in one direction only and always in that direction. 

Notwithstanding the several modes of describing such valves 
which are generically the same, the particular appellation preferred 
usually denotes some variation in the closure mechanism; thus 
the term check —usually applied to the smaller sizes of valves— 
refers specifically to a valve wherein the clack * is arranged “poppet” 
fashion, (Fig. 8. i) the clack always operating with an up-and-down 

* In non-return valves the valve member is usually referred to as a clack , a 
term employed to describe a loose fitting valve member whose lift is effected by 
the working fluid and not by any external agency. 
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movement. Similarly, the term back-pressure is the designation 
often preferred for valves of the hinged clack pattern (Fig. 8.2). 

Reflux, retention, and non-return are terms usually reserved for more 
pretentious members of the “non-return” family such as those 
destined for waterworks and oil field services. Such a valve, which 
may be correctly defined by any of the three foregoing appellations, 
is illustrated in Fig. 8.4. 

The three fundamental types so far described and illustrated 
are intended for insertion in horizontal mains; it is frequently 
required, however, to make similar arrangements for non-return 



Fig. 8.2. Swing Check Valve 


flow in vertical pipelines in which case the bodies may be re-arranged 
to meet these conditions with little or no alteration to the clacks 
and seatings themselves. This will be abundantly clear from 
Fig. 8.1 depicting a simple check valve for use in a vertical pipeline, 
whilst Fig. 8.3 illustrates an angle pattern intended for insertion 
at a point where it is desired to change the direction of flow from 
vertical to horizontal. 

It is essential to the proper functioning of all check valves of 
the type depicted in Figs. 8.1 and 8.3 that the centre of gravity 
of the clack should be located below the seating face. In this way 
the clack tends to be self-centering and the possibility of tilting and 
back-flow reduced to a minimum. 


21 I 


non-return valves 

This is very important and may be ensured without resort to 
anv detailed calculation since the position of the centre °. K ™? 1 y 
^t arlg^d almos, by topccdjm and 

distribution of the volume of metal employed. Thus, ini the tw 

shown it will be observed that the coned portion of the 



I 

Fig. 8.3. Angle-pattern Check Valve 


clack protrudes into the seating orifice and the lower guide peg 
is of somewhat greater diameter than the upper one. 

Valves of the swinging clack type ( reflux , retention , or non-return) 
will meet the requirements of either horizontal or vertical pipelines 
without any alteration provided they do not incorporate any 
counterbalance or dashpot gear (for purposes of cushioning the 
inevitable hammer-blow effect) when some modification will be 
required to fit them for this alternative application. 

Having thus identified the various patterns which exist for the 
purpose of achieving the same objective—the promotion of uni-direc¬ 
tional flow—we may proceed to examine the various factors 
governing their individual design. 


Seatings and Clacks 

These items may vary in accordance with the type and size of 
valve. They may take the form of machined raised facings integral 
with the body casting in the case of very small valves intended for 


8 —(T. 710 ) 





Fig. 8.4. Reflux or Retention Valve 
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the cheap market or where f inJerchangeabUity^^^ not warranted 
bLe^doVot traCiusdfy ‘the expanse of 

“dTeS £ *o be preferred as 


Fig. 8.5. Seating-locking Pin 



affording a greater measure of security against working loose 
under the repeated hammering to which a valve of this type is 
subjected. Even then it is recommended that the seating be further 
secured against such an eventuality by the provision of a Bramah 
pin, an improved version of which is shown in Fig. 0.5. Inis 
refinement does not appear to merit universal adoption but is to 
be advocated on the larger valves where chatter of the clack is likely 
to be more pronounced, and the seatings loosened in consequence. 

Valves in excess of 4-in. bore, by reason of their enhanced 
dimensions, may be fitted with pressed-in seatings since these can 
be made sufficiently robust to resist the hammering to which they 
are subjected without any noticeable addition to the body contour. 

The determination of the correct width of seating face is most 
important if closure-tightness in the closed position is to be achieved. 
This aspect of design has been dealt with in Chapter 3 and calls 
for no reiteration. 

The configurations of the clack vary according to the type of 
non-return valve. The lift of the clack should never exceed that 
which will give an edge area equal to that determined by the 
nominal bore of the valve after allowance has been made for the 
loss of effective area created by the presence of guide webs and 
the valve stem. It will be appreciated that enhanced lift in a valve 
of this type spells enhanced chatter, a characteristic not conducive 
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to the seatings remaining in good condition for any reasonable 
length of time. The practice of curtailing the lift—a practice rife 
amongst some manufacturers in an endeavour to mitigate the 
undesirable hammer-blow effect—is a practice to be deplored and 



HAWf PLAN 


Fig. 8 .6 . Blow-off Isolating Valve with Regulating Screw 

is tantamount to offering a valve of substantially less area than 
that presented by the pipeline in which it is to be inserted. 

Before passing to the swinging-clack type of non-return valve it 
is prudent to mention that steam practice favours a valve of the 
poppet type, with the exception of blow-down non-return valves, 
either of the controlled type (Fig. 8.6) or fully automatic type 
(Fig. 8.7) and as the latter seldom exceed 4 in. in diameter, and 
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are always under water, their use for this service would appear 

W The nt cltk of a reflux valve is virtually a hinged door, yet there 
is more in the design of this component **n tins stmpe J^P^ 

die machining of the body seating and pin-holes might be, un ess 



Fig. 8.7. Blow-down Non-return Valve 

a reasonable amount of flexibility is arranged. This can be arranged 
simply by providing a double hinge (as depicted in the design 
shown in Fig. 8.4), the clack then being free to find its own beanng 
in a plane at right angles to the centre line of the valve, whilst 
lateral flexibility (i.e. in the transverse plane and in all other planes 
intermediately) is provided by a certain amount of play in the 
primary and secondary hinge pins. Two snugs, cast on the back 
of the clack, restrict the relative motion between the two members 
to an amount consistent with that required to ensure the clack 

seating evenly and squarely at all times. 

Clacks of this type for valves up to and including 4-in. diameter 
are seldom fitted with separate valve facings, but it is economical 
to do so in the larger sizes on account of the amount of costly seating 
metal which would otherwise be uselessly expended. 

The manner in which such facings may be attached to the clack 

is depicted in Fig. 8.7. 

It will be appreciated that a clack of this type will be subjected 
to severe slamming action unless means are provided to restrain 







Fig. 8.8. Counterpoise Device—Reflux Valves 
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. j This is usually accomplished by incorporating a 

. I of th.t depicted in Fig. 8.8 or by 
l i. Fig. 8.9. Both these device, share the 
undesirable attribute of permitting some amount of return flo 




NEEDLE 

regulating 

VALVE 


DASHPOT FILLED WITH 
LIGHT MINERAL OIL 


Fio. 8.9. Dashpot for Reflux Valve 


(reflux) during the period when the clack is returning to the closed 
position at a velocity which must obviously be less than that of 
the fluid in the line, and both call for the provision of a stuffing 
box and gland where the spindle passes out through the body 

casing. 

The dashpot shown alongside the main valve body (Fig. 8.9) 
and bolted thereto, should be completely filled with a light mineral 
oil, the needle valve being fully opened during the process so as 
to permit of the oil gaining access to both sides of the piston which 
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should be a fairly loose fit within the dashpot, and devoid of piston 
rings. 

When the clack lifts, the piston will be raised through the agency 

of the leverage provided and oil will be displaced through the 

needle valve and will pass to the remote side of the piston. On the 

clack assuming its closed position, the reverse conditions will obtain 

and the extent of the opening of the needle valve will determine 

the speed of opening or closing of the clack. Thus the needle valve 

provides a simple and effective means of controlling the motion 
of the clack. 

As in most other valves the “lift” of the clack must be such as 
will afford an edge area of an amount at least equal to that of the 
pipe thoroughfares. Were the clack permitted to lift co-axially 
with the centre line of the seating, the lift, ignoring restrictions, 
would amount to one-quarter of the valve diameter, but since 
the clack in the present example moves to all intents and purposes 
in a circular manner about the primary hinge pin, the lift will 
vary in extent at every point on its perimeter. This will be apparent 
on reference to Fig. 8.7 wherein the clack in its fully open position 
is indicated by chain lines. In order to provide a minimum of 
restriction to the passage of the working fluid it is customary to 
permit the clack to swivel until it is clear of the valve thoroughfares, 
a desirable feature in the sense that it offers no restriction to fluid 
flow in this position, but obviously bad from the point of augmenting 
the slamming effect. 

With regard to the stresses incurred by this slamming effect, 
both on the clack itself and on the body and seating, these are 
incapable of exact mathematical determination, since, as in similar 
problems on momentum, a solution can only be found when the 
time in which the momentum is arrested is known, and this factor 
is also indeterminable except by direct experiment. 

Since momentum varies direcdy as the mass, it would appear 
incumbent upon the designer to keep the weight of the clack as 
low as possible, yet the clack must be sufficiently robust to withstand 
inertia stresses and to provide against distortion, truly a problem 
which calls for a fair amount of thought to effect the best possible 
compromise. The answer would appear partially to lie in the 
adoption of a ribbed clack wherein the ribbing is advantageously 
disposed to take the brunt of any impact. 

The aforementioned difficulties of stress analysis apply also to 
the determination of the essential dimensions of such ribs, the 
disposition of which is a matter governed more by practical 
experience than by anything else. 
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B< Havinp regard to the necessarily irregular configurations of the 

at 

v t u~; P effects acting in combination. There is ais p 

of ;a““h»ieo ,0 contend 

stresses of an indeterminate nature but certainly of a very n S 
order The effect of these stresses and their impact on design cannot 

be entirely overlooked. 

It may seem improvident to draw attention to all these disturbing 
influences yet offe^nothing concrete in the way of their mathema tical 
interpretation to aid design, but this is just another of those P™ b J^ s 
where experience backed by sound judgment must form the basis 
of design, P there being so many factors which defy accurate analysis 
and any attempt to place speculative conjecture on a mathematical 
basis would only make confusion worse confounded. 

The truly cylindrical branch pieces present no unduly difficult 
problem and Lay be proportioned in accordance with the rules 

prescribed in Chapter 15* 


Cover Plate 

This is a little more amenable to mathematical investigation 
and provides a problem which, although not entirely bereft of 
complexity, is capable of at least an approximate solution, being 
a typical example of a “flat plate” uniformly loaded and supported 

at its periphery. 

The first requirement is to establish the number and diameter 
of the bolts securing the cover plate to the body. The joint between 
the two flanges in a valve of this description is usually made with 
graphited sheet asbestos so we may proceed on similar lines to those 
indicated in Chapter 3 (Case 1) for determining the essential bolt 

dimensions. 

For the sake of design and so as not to complicate the issue we 
will assume non-shock conditions of pressure loading. 

In a rectangular plate, uniformly loaded, as in the present example, 
this would probably fail under excess pressure application along 
some diagonal ab (Fig. 8.10). 

Consider one half of the plate about the diagonal ab. The total 
uplifting force due to pressure acting on the exposed area of the 
plate will be given by 


P t = ap 
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where P t = total uplifting force in pounds, 

& = exposed area of plate in square inches, 
and p = pressure in lb/in. 2 


The force due to pressure acting upwards on the half rectangle 
(or triangle) will produce a bending moment about the diagonal 
ab whose magnitude will be given by 




where D 1 is the perpendicular distance from diagonal ab to comer 
of opening in inches. 

(Note. The total force due to pressure may be replaced by a 
single force concentrated at the centroid of the area, situated — 

3 

from the diagonal ab, measured perpendicularly therefrom.) 

This moment is opposed by a downwardly acting resisting 
moment resulting from the force in each bolt or stud acting through 
an arm measured perpendicularly from the diagonal ab. 

Now the total load on the bolts (or studs) must be equal to the 
total load on the plate; hence resisting moment of studs 



where d m = mean perpendicular distance of studs from ab 

The bending moment across ab, therefore, will be the algebraic 
sum of the two moments determined above, or 

M ab = M r -M u 



The resisting moment of the studs is greater than the bursting 
—or pressure—moment, and the net bending moment to be 
resisted by the metal across the diagonal ab will therefore produce 
tension in that portion of the section remote from the pressure side 
and compression in that side adjacent to it. 
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The fundamental expression for bending is 



where M = the bending moment in lb-in. 

, = distance of outer fibres of section from neutral axis in 
inches (note that for unsymmetrical sections, y has 

two values) , 

and / = moment of inertia of section of plate through ab in inches. 

u fI 

Then M <» ~ y 

and from Eq. 8.1 

4M 1 )-? 

whence /„ (average) = — lb/m. 2 . • E <1- 8 - 2 

It should be noted that the value of f a thus determined is only 
the average skin stress across ab , that is to say, the stress that would 
obtain if the bending was simple in character. Actually, the 
maximum stress exceeds the average by an amount which is 
dependent upon the ratio of the sides of the rectangle and may be 
anything up to 1*9 times the average as calculated. 

The exact determination of / and^ for the section will be required 
before Eq. 8.2 can be evaluated and the first step is to locate the 
position of the centroid of the area presented. Since every section 
will differ in one way or another no rule will be given for its 
determination in the general case but in the numerical example 
which follows the method to be pursued will be apparent. 

Consider the plate forming the cover of the 7-in. reflux valve 
depicted in Fig. 8.4 and shown detailed in Fig. 8.10. Problems of 
this sort are best dealt with by assuming the dimensions in the first 
instance and checking for stress. Assume the plate is of grey cast 
iron and has to withstand a water pressure of 150 lb/in. 2 non-shock. 

If a section is taken on the diagonal ab this will present the 
appearance shown in the upwardly projected view alongside, but 
for all practical purposes may be resolved into the simple equivalent 
massed up figure shown. 

Total area of figure = 4J X i| + 8JX £ -)- 16 X £+ 51 * i 

= 7*72 + 1*02 + 14*00 + 0-67 
= 23-41 in. 2 




d m « 3-06 in. 
0, = 313m. 

Fio. 8.10 
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from the base by x, we have 

• 7-72 X I# + 1-02 X 1-k + »4-oo X &_ +_oj>7_X_fr 

*=' 23*41 

tr o 4- 1*08+ 7-88 + 0-042 

= 23*41 


24*01 

23 41 


1-023 


f in to simplify subsequent calculations. Thus the position 
ofthe neutral axis, NA, is located, whence.?,, the distance from the 
neuJral ^ds to the remote tension fibres, is 1 f in. and.,, to the remote 

compression fibres is 1 in. 

The moment of inertia of the section will be given by 

4§ X (if) 3 + 3l X (») 3 + fiK 1 ) 3 ^- iof X (l) 3 

/ — 3 

= 12*63 in. 4 units. 


From Eq. 8.2 average tensile stress 


/ 3* I 3\ 

iof X 3i X 150 X i'75^3'°6 j 

a \ / t /> . C^, A 


= 763 lb/in. 2 

Since the maximum tensile stress may reach a value of 1 *9 times 
this figure 

/{(max) = i *9 X 763 

= 1,450 lb/in. 2 (approx.) 

quite a safe value for cast iron, showing that the plate is somewhat 
stronger than is really necessary for non-shock conditions. It will 
be noted that in the above expression for/ a , the rectangular area 
on which pressure has been taken to act is that circumscribed by 
the inner periphery of the body neck, measuring iof in. X 3 i in * 
in the present example. This assumption may be open to criticism 
on the grounds that the exact point at which closure tightness is 
positively effected may be situated anywhere between the boundary 
points referred to and the outer periphery of the gasket. Before 
finally dismissing this aspect of design the designer would be well 
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advised to make an alternative calculation for f t , taking the area 

subject to pressure as being circumscribed by a rectangle whose 

periphery is located midway between the neck and the inside of 

the bolts or studs. For fullest economy of metal in a ribbed plate 

the ribs should be disported on the underside of the plate, that is, 

the compression side, but this is generally impracticable in a valve 

of this type, although the larger sizes might offer scope in this 
direction. 



Lifting Arrangements 

One of the major cardinal sins of omission perpetrated by 
designers is that of failing to make provision for lifting heavy valves. 
This proviso is all the more necessitated where the configurations 
of the valve do not afford an anchorage for the ready attachment 
of a crane hook or sling, as in the present example, which is a type 
of valve particularly devoid of any projections substantial enough 
to invite an effective grapple-hold. Not only are such lifting points 
desirable from considerations of ease of handling, but they also 
serve the additionally useful purpose of facilitating assembly of the 
valve in its appointed place in the pipeline. 

For this purpose it is recommended that one or more lifting 
eyebolts be fitted, as shown in the heavy design of reflux valve 
illustrated in Fig. 8.11. 

Proportions of British Standard lifting eyebolts are denoted in 
the drawing portrayed in Fig. 8.12. Sizes range from §-in. B.S.W. 
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, • . , in up to i i in. in diameter, thence by J in. to 2 in. 

in diameter, the and this’should preferably be 

Generally one eyebolt ™ f ^ valve> as near as may be 

S^ed' X'he“5c° to. of valves may be fifed with .wo 



eyebolts in which case there will be less tendency for the valve to 
swing when being slung. Selection of the actual size and number 
to be adopted is dependent upon the weight and bulk of the valve 
under consideration. There is one other important point which 
should not be overlooked. Cases have been known where the valve 
has been fitted wrong way round, however improbable this may 
seem. Consequently, it is recommended that flow-directional 
arrows be cast on both sides of the body and these should be large 
enough to render such faulty installation inexcusable. 

The design portrayed in Fig. 8.11 embodies such a refinement. 
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Isolating Valves 

Where two or more boilers discharge into one common steam 
pipe, as shown in Fig. 8.13, provision must be made for preventing 
the discharge from one or more boilers into another which might 
be undergoing repairs or examination, the consequences of which 
may be well-imagined. 



Fig. 8.13. Lancashire Boiler Layout 


In order to prevent such an eventuality it is customary to 
fit an isolating valve on the outlet side of each boiler stop valve. 
This is virtually a non-return valve, or check valve, but is generally 
of a more pretentious design than the valves to which the foregoing 
terms specifically apply. On account of the important duty assigned 
to this valve the seatings must always be maintained in good 
condition as the smallest leak might admit sufficient steam into an 
adjacent idle boiler, in which men may be working, sufficient to 
cause discomfort if not injury. Consequently, such a valve must be 
free from chatter if the seatings are to be preserved and this is usually 
achieved by the incorporation of a dashpot device. 

Such a valve is the Hopkinson isolating valve depicted in Fig. 8.14 
and its constructional features will be apparent. The piston shown 
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is a relatively loose fit in the dashpot and devoid of piston rings 
nce seture on the part of this member might easily cause he 
valve to stick in the open position. Its function xs to cushxon the 
clack and so reduce any hammer-blow tendency which migh 

impair .he vulnerable .eating faces. I. will be 

such a valve will remain closed unless flow is taking place from th 

boiler to which it is adjunct. 



Fig. 8.14. Hopkinson Automatic Isolating Valve 

{Reproduced by courtesy of Messrs. Hopkinsons, Ltd., Huddersfield) 


Where two or more boilers are operating in unison, the valve 
tends to maintain regular and equal steaming of all the boilers 
in the range, since steam generated at a higher pressure in one 
boiler cannot flow into an adjacent boiler operating at a lower 
pressure; thus the shortcomings of any particular boiler in a range 
(or its stoker) cannot be obscured by the better performance of its 

neighbour. # 

In the event of an undue fall in water level in one of the boilers 

of a battery connected in the aforementioned manner, the discharge 

from the high-steam and low-water safety valve (see Chapter 7) is 

restricted to that particular boiler. In short, each boiler of a battery 

is a separate independent unit when fitted with an isolating valve, as 

its name implies, and the flow of steam is at all times uni-directional. 

The isolating valve possesses few working parts, all of which are 
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housed within the valve itself and consequently immune from 
interference. 

Should any accident overtake any boiler of a battery—say, the 



Fig. 8.15. Dewrance Combined Stop and Isolating Valve 

(Reproduced by courtesy of Messrs. Dewrance and Co. Ltd., London) 


fusing of a fusible plug—the isolating valve will prompdy close, due 
to the predominating pressure from adjacent boilers exerted on the 
back of the clack, and thus prevent a complete shut-down of the 
remaining boilers. Without such a provision as an isolating valve, 
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all the steam being generated by the entire battery would tend to 
flow to wa"e viaMe offending boiler. The stop valves would 
probably be unapproachable due to escaping steam. 



Fig. 8.16. 2-in. Feed Check Valve 

Drawing shows a right-hand valve, i.e. one fitted on right-hand side of boiler when 
viewed facing the front. Valve may be made left-hand by changing over blank flange. 


There is little which can actually be stated about the constructional 
features of such a valve; design follows more or less that suggested 
for globe stop valves which has been fully dealt with elsewhere 
(Chapters 3 to 5 inclusive). The area through any part of the valve 
should be at least equal to that corresponding to the nominal pipe 
size, and a method of ensuring this has been outlined in Chapter 3. 

The “isolating” feature is often incorporated in the main steam 
stop valve wherein the valve member is fashioned in the form 
of a combined valve and piston and is separate from the actuating 
spindle. Such a valve is illustrated in Fig. 8.15 depicting a com¬ 
bined stop and isolating valve manufactured by Dewrance & Co. 
Ltd., London. 




Fig. 8.17. 2^-in. Screw-down Non-return Valve 
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Feed Check Valves 

The function of a feed check valve is to 

SSL S' p«*uru and preventing return flow by the tnclutton 
of a suitable non-return valve mechanism. 



Fig. 8.18. 2-in. Check Valve 


Where only a single clack is incorporated this should be free to 
lift under the influence of the pressure exerted by the boiler 
feed pump and should close promptly when the pressure drops 

below that in the boiler. 

In the best designs two valve members are employed; one a 
lift valve positively attached to the valve spindle and being virtually 
a stop valve serving to regulate the amount of feed-water passing 
through the valve, and an uncontrolled clack for the automatic 

prevention of return flow. 

Such a valve is shown in Fig. 8.16 from which it will be seen that 
the manually controlled valve member has a central peg of robust 
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proportions serving as a stop to limit the lift of the lower valve 
member or clack. When the stop valve is closed down hard the 
clack is still permitted J in. of “lift,” thus ensuring that the stop 
valve positively seats at all times without hindrance from the check 
valve which might otherwise prevent the upper valve member 
making contact with its respective seating. 

Were this provision overlooked it would be impossible to dis¬ 
connect the elbow (for examination of the clack) with the boiler 
under steam, or, if the boiler was not under steam, but more or less 
full of water, without any means of preventing an escape of water. 

The drawing embodies formulae whereby the various passage¬ 
ways through the valve may be so proportioned as to provide 
unrestricted area at all positions of the two clacks. 

Fig. 8.17 shows a simple type of check valve in which the clack 
is loosely mounted on the actuating spindle, a pattern generally 
styled controllable check valve or screw-down non-return valve. 

Clause 32 of B.S. 759 * * 95 ° states: Where the valve is not of screw- 
down , non-return type a separate screw-down valve shall be provided . This 
is obviously intended to check the practice sometimes adopted in 
the case of small boilers of fitting a solitary non-return valve of a 
type illustrated in Fig. 8.18 which depicts a check valve of the 
straight-through pattern (although an angle pattern is sometimes 
favoured). This is simply an automatic non-return valve and 
where fitted in a feed line must only be employed in combination 
with a companion screw-down valve on the boiler side so that the 
feed water may be positively controlled. 

It is not to be advocated excepting, perhaps, in the case of small 
low-pressure boilers of the crane or small locomotive type. 

Clause 33 of B.S. 759: 1950 continues: Feed check valves or 
regulating valves shall be so arranged as to enable them to be operated 
satisfactorily from the boiler-room floor . In some boiler installations 
the feed check valve is situated at such a height from the firing 
floor as to render the handwheel inaccessible unless recourse be 
made to a ladder which, of course, is most undesirable. In such 
cases, therefore, the operating handwheel should be positioned 
within convenient reach of the boiler-man by the provision of an 
extension shaft and gearing. Two methods are commonly employed 
for accomplishing this objective; one is to modify the actuating 
mechanism of an otherwise standard valve to carry a gearwheel 
arranged to mesh with a pinion operated through a suitable down- 
shaft, as depicted in Fig. 8.19 but a better method is depicted in 
Fig. 8.20 wherein the standard operating mechanism is retained, 
a gearwheel taking the place of the handwheel and driven by a 
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inion carried on the extension shaft. This method enables fullest 
Possible use to be made of standard valve parts. 

P It will be observed that the driving pimon has a greater face 
width than the driven gear; this is in order to cater for continuity 
of contact during the axial displacement of the latter occasioned 



Fio. 8.19. 2-IN. Feed Check Valve—Gear Operated 


by the travel of the actuating spindle during the process of opening 
or closing the valve. 

In the former method (Fig. 8.19) both gears may be of identical 
face width since the travel is restricted to the lower actuating 
spindle and screwed termination, but the restraining arms embracing 
the pillars must be provided in order to prevent rotation, the upper 
sleeve being the rotating member. 
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The problem often arises as to the size of valve, or valves, to be 
installed in order to cater for a given evaporation. Based solely 
on the ideal velocity of flow and the evaporation, the problem is 
one of simple arithmetic but the resulting size thereby determined is 
invariably smaller than most boilermakers are wont to adopt. B.S. 
759 : 1950 is silent on this subject. 



Fig. 8.20. 2-in. Feed Check Valve—Arrangement op Gear Mechanism 

The ideal velocity of flow of feed water through boiler feed pipes 
is from 4 to 6 ft/sec. On this assumption, and knowing the evapora¬ 
tion figure, one might easily calculate the diameter of feed pipe, or 
valve, from the simple equation 

7T / d \ 2 

E = 3,600 X — X y —j X S X V . . Eq. 8.3 

where E = evaporation in lb/hr 

d = diameter of pipe, or valve, in inches 
S = density of feed water in lb/ft 3 
and v = velocity of flow in ft/sec. 

f /o*i 62 s 

Whence d = ^ - .... Eq. 8.4 

Taking S equal to 62-5 lb/ft 3 and v equal to 5 ft/sec, the above 

formula simplifies to _ 

d= Vo -0001632s . . . Eq. 8.5 
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The density value of 62-5 lb/ft* corresponds to a feed water 
temperature of 68°F ; at high temperatures the density will, of 
course be somewhat less, although the difference is so slight as to 
be inconsequential. (Even at a temperature of 212 F the density 

is only reduced to 60 lb/ft 3 approx.) 
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Fig. 8.21. Correction Factors for Boiler Feed Check Valves 
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The above equation takes no account of the restrictions imposed 
by the irregular configurations of the valve thoroughfares, the 
presence of guide webs, and other incidental resistances; con¬ 
sequently, the purely theoretical formula given in Eq. 8.5 requires 
amending to take these factors into account. Moreover, where a 
feed pump of the reciprocating type is employed the check valve 
is repeatedly opening and closing and this alone has the effect of 
reducing the output (or input) of the valve. 

From the collated evidence provided by a prodigality of boiler 
specifications relating to boilers of various types and evaporations, 
we are enabled to derive a relationship between the theoretical 
diameter as previously determined and that dictated by practical 
requirements. It would appear from such evidence that d derived 
from Eq. 8.5 requires to be multiplied by a correction factor whose 
value varies from 2^ for low evaporations to i| for high evaporations 
(limits 1,000 to 100,000 lb/hr). The actual variation is embodied 
in the curve given in Fig. 8.21 in which the ordinates are logarithmic 
for conciseness. 

Accordingly, Eq. 8.5 might be modified in the light of the 
foregoing to read 

d' = kV 0-000163 E . . . Eq. 8.6 

where A; is a constant derived from the graph in Fig. 8.21. Feed 
check valves of less than i-in. nominal diameter should never be 
employed, even where the evaporation is so low as to suggest that 
the adoption of a smaller valve would appear sufficient for the 
duty imposed. 

The diameter of valve determined by Eq. 8.6 in conjunction 
with the graph in Fig. 8.21 is, of course, that of a single valve. 
The larger boilers are generally fitted with two valves, in which 
case d\ as calculated above, may be termed the “referred” diameter 
and the combined areas of the two valves may be made equal to 
that of a single valve of diameter d '. Thus where two feed valves 
are employed conjointly the diameter d 0 of each individual valve 
may be calculated from the relation 
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k - 

1-414 


Eq. 8.7 


The detail design of the various components of a feed check 
valve follows more or less the general principles outlined in Chapters 
3 to 5 inclusive governing the design of screw-down stop valves with 
perhaps one outstanding difference in that feed check valves are 
often subjected to shock loading, the intensity of which is difficult 
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. . cu ock mav be due to water-hammer, the erratic 

»d by .be avoid, nee wherever vl^od, could -ily 

SffitSSSfp ,£ effects ofwhich may be imagined 
““Ton, the necessity of enforcing a shut-down of the bo.ler to 

which the valve is adjunct. valve should carry 

the S^inVregonff^eir L form of a permanent indication 

preferably of brLs, permanently affixed to the body by set-screws 
or drive screws. If the latter method is preferred, care should be 
taken not to drill any holes likely to prove a source of leakage o 
occasion weakness of the casting, and it is advisable in such circum¬ 
stances to provide a raised facing on which to mount such a 


nameplate. 

(a) The direction of closing of the handwheel. 

( b ) Direction of flow. 

(p) Name and/or mark of the manufacturer. 


(,d ) Design pressure. 

(e) The number of this British Standard (B.S. 759). 



CHAPTER 9 

REDUCING VALVES AND SURPLUS VALVES 


The function of a reducing valve, as its name implies, is to effect 
a reduction in pressure of the fluid passing through. It should 
effect this reduction automatically , that is, without resort to manual 
assistance. Correctly designed and installed it should give a 
constant reduced pressure irrespective of any fluctuation in the inlet 
pressure, provided, of course, that the latter does not fall below the 
desired reduced pressure. 

Reducing valves vary appreciably in design; yet they are alike 
in the one respect of effecting pressure reduction by throttling , 
although the manner in which this is automatically effected is 
responsible for the diversified assortment of reducing valves available, 
and no single type may be expected to fulfil the requirements of 
every application of pressure reduction. 

Any screw-down stop valve might be made to function as a 
reducing valve provided it is permitted to open only a very small 
amount; but changing pressure conditions, either on the inlet 
or outlet side, would necessitate someone being in constant vigil 
at the pressure gauge and to give the handwheel an occasional 
turn, one way or the other, in order to maintain a constant reduced 
pressure. 

The absurdity of such an arrangement will be obvious, yet it 
is not unknown for stop valves to be employed in the “cracked” 
(slightly open) position to effect the necessary reduction in pressure 
to some seemingly unimportant piece of plant, regardless of the 
serious consequences which might accrue from such misdirected 
energies. 

In the steam field it is frequently required to utilize steam at a 
lower pressure than that at which it is generated, as, for example, 
in textile mills, paper mills, dyeworks, etc. 

In the case of boilers of the Lancashire type or those usually 
designated as “shell” boilers, it is a relatively simple matter to 
maintain a fairly constant steam pressure, except in isolated 
instances. With water-tube boilers, however, which hold a compara¬ 
tively smaller amount of water, and, in consequence, the evaporation 
is more enhanced, there is usually a marked fluctuation in pressure. 
Since it is desirable to maintain the steam supply to an engine as 
nearly as possible at a uniform pressure, it is customary where 
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water-tube boiler, are employed to generate steam at a pressure 

somewhat higher than is actually desired at the engine an a ^ 
effect the necessary reduction by means of a re u g 
design that responds readily to any fluctuations. 

Additionally, it is sometimes expedient to install a steam separate) 
ahead of the reducing valve to serve the dual purpose of precipitati g 
any entrained moisture and to act as a steam receiver. 



Fig. 9.1 


Lever-and-weight Type 

Automatic control of the valve lift to effect throttling may be 
accomplished in various ways, the simplest of all being that provided 
in the case of the piston type valve portrayed diagrammatically 
in Fig. 9.1. Steam entering at A exerts a pressure in both an up¬ 
ward and downward direction upon the double-beat valve B, 
which is in equilibrium, or very nearly so, depending upon the 
relative diameters of the two “beats.” The valve is loaded by 
means of a lever-and-weight system W and is thus urged open 
against the influence of the inlet pressure, the extent of such opening 
being determined by the force imparted by the cheeseweight and 
lever mechanism. 

Steam in passing through the narrow aperture presented by the 
partially open valve will suffer a diminution in pressure, and this 
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reduced pressure will be exerted on the underside of the piston C, 
tending to close the valve. If the pressure on the outlet side tends 
to rise this will have the effect of increasing the upward force on 
the piston, thus throttling the valve still farther and thereby causing 
the outlet pressure to fall. Conversely, if the pressure on the outlet 
side tends to fall, the upward thrust on the piston will be diminished 
and the cheeseweight, acting through the lever system, will now 
tend to open up the valve, admitting more steam and thus causing 

the pressure to rise. In this way a practically constant reduced 
pressure may be expected. 


Spring-controlled. Diaphragm Type 

Fig. 9.2 illustrates a reducing valve of the spring-controlled 
diaphragm type in its simplest form. Steam at the higher pressure 
flows in the direction of the arrow. The valve member is caused to 
be partially opened under the influence of the thrust-spring which 
is compressed an amount sufficient to give the desired throttling 
effect to the steam. Attached to the valve member is a spindle at 
whose lower extremity is a loose-fitting piston of substantially the 
same diameter as that of the seating. Sandwiched between this 
piston and the valve chest is a flexible rubber diaphragm which 
also serves to make a pressure-tight joint between the two flanged 
facings shown. Water of condensation accumulating in the elongated 
extension of the chest serves to keep the diaphragm out of contact 
with live steam and, therefore, relatively cool, or rapid deterioration 
of the rubber would ensue. 

Since the diameters of the piston and the seating are substantially 
identical it follows that the upward pressure of the inlet steam on 
the valve is counterbalanced by the downward pressure on the 
piston. 

A decrease or increase in pressure on the inlet side is accompanied 
by a momentary decrease or increase in pressure on the top side 
of the'valve member, but since this latter is subjected at all times 
to a constant thrust from the spring, it follows that a decrease in 
pressure on the inlet side will be accompanied by an increased lift 
of the valve member, thereby permitting the pressure to rise on 
the outlet side. The reverse will obtain if the pressure increases on 
the inlet side of the valve. 

In the larger sizes of valve, the spring may be arranged in 
conjunction with a lever mechanism as shown in Fig. 9.3. Fig. 9.4 
depicts a Cockburn reducing valve in which two tension springs 
symmetrically disported are employed. 




Fig. 9.2 
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Fig. 9.3. Steam-reducing Valve 
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Design of Valve Thoroughfares 

Whilst it is common practice to supply reducing valves having 

inlet and outlet connexions of identical diameter, this is not in 

strict accordance with theoretical (or practical) requirements. It 

must be remembered that steam, for example, in suffering a 

diminution in pressure, increases in volume during the process* 

consequently, the outlet connexion normally requires to be of 

iarger cross-sectional area than the inlet (although in some instances 

the difference is not so marked as to justify any alteration to existing 
patterns). & 

The ideal diameters of the inlet and outlet connexions, and also 

of the seating, may be determined in the following manner, although 

it will be appreciated that any attempts at precise calculation, 

mvoivmg accurate determination of the condition of the steam, 

will be negatived by the many arbitrary constants which are of 

necessity employed. For example, the velocity of steam cannot be 

forecast with exactitude and the values given in Table 9.1, based 

on customary practice, should be adopted in the absence of more 
precise information. 


Nominal Bore of Pipe 
(in.) 

Velocity of Steam 
(ft/sec) 

Saturated Steam 

Superheated Steam 

3 and less .... 

75 

IOO 

Sh to 9. 

90 

120 

10 and above 

90 

140 


Consider first the conditions obtaining at the inlet connexion 

diameter of inlet thoroughfare in inches 
weight of steam flowing in lb/hr 
velocity of entering steam in ft/sec 
specific volume of entering steam in ft 3 /lb 

7 rd 2 v 2 


Let 

d 


IV 


V 2 

and 

Vs 2 

Then 


whence 

or 



3,600 X 


W 


4 X 144 


s 2 



576MT s2 


3.600 X 7T X V 2 



IV V 


s 2 


. Ep. 9.1 
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a value for d corresponding to the nearest convenient pipe size 

Sh °w!i£ i, initially superheated, the volume 

wifi be higher and may be calculated from the relaUon 

V.(i + o-oo16< s ) • • Ec b 9 - 2 


where V s 


specific volume at temperature of saturation (see 
Steam Tables) 


and t 8 = temperature range of superheat. 

The next step is to determine the bore of seating. In common 

of the seating) an average lift of one-sixteenth of the seating diameter 
S that mg be expected and this figure is adopted in the following 

Ca Now t Jhe S steam, in passing through such a restricted office as that 
Dresented by the partial separation of the valve member fro 
seating, will suffer some amount of superheating, the extent o 
which will vary according to the reduction in pressure effected. 
Consequently, the actual condition of the issuing steam will require 
to be 'ascertained before any calculations on its flow through the 

seating orifice can be attempted. . ,, 

Since the total heat on both sides of the valve will be practically 

the same 


h 0 4 - Le, = h, + L x + K v (t, 


L) 


Rn. q.q 


where h 2 = sensible heat in entering steam 
L 2 = latent heat in entering steam 
h x = sensible heat in issuing steam 
L t = latent heat in issuing steam 
f 4 = temperature of issuing steam 

= saturation temperature of issuing steam corresponding 
to reduced pressure 

and K v = average specific heat of steam between the limits t j 

and * 4 (see graph, Fig. 9.5). 


Transposing Eq. 9.3 



. Eq. 9.4 
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This expression is for steam initially dry and saturated; where the 
entering steam is initially superheated to some temperature L, the 
following similar expression is obtained 


^2 + + K p (t 3 — t 2 ) 


Li 


+ h 


Eq. 9.5 


where 



saturation temperature of entering steam at the 
initial pressure. 



Fio. 9.5. Specific Heat of Superheated Steam 


It will be observed that in the latter expression K p occurs twice, 
but this will have different values corresponding to the temperature 
ranges under consideration and may be readily interpolated from 
the graph (Fig. 9.5). 

Having determined the conditions of the issuing steam from 
whichever of the two foregoing relations (Eq. 9.4 and 9.5) is 
applicable, its specific volume may be determined from the expression 
given previously (Eq. 9.2) and amending the symbols to prevent 
confusion, we get 
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Specific volume of issuing steam 

= v al = z> a [(i + 0*0016(^4 — ^1)] • • 

and denoting 

this bore by D in. 

7tD“ . 2 

Area of escape = —g- * n * 



Fig. 9.6 


Now the velocity of steam in flowing into a zone of lower pressure 
less than three-fifths of its initial pressure has practically a constant 
value of 890 ft/sec. Adopting a coefficient of discharge of o-68 

7 tD 2 1 r Q 

W= 3.600 X 890 X l6 x — X jr x °' 68 

whence D = 7 ^^ (approx.) . • • • Ec l- 9-7 


Where the value of D thus obtained would necessitate a compara¬ 
tively large seating diameter it is sometimes expedient to adopt 
double seatings of the form shown in Fig. 9.6. It must be observed, 
however, that in order to assemble the valve member and seatings 
within the body casing, the dimensions adopted for these details 
must be such as to facilitate such assembly. The chief points to 
observe are (i) the diameter of the lip on the lower seating must 
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be such as to permit of it being passed through the hole in the body 
for the reception of the upper seating, and (ii) the lower collar on 
the valve member must be small enough in diameter to pass through 
the upper seating whose diameter is denoted by d m in Fig. 9.6. 

These are points which might easily be overlooked in design. 

Now if d a = mean diameter of the double seatings, 


then 



— D 2 very approximately 
4 


or 




very approximately 


. Eq. 9.8 


The bores of the upper and lower seatings may be more accurately 
calculated from the relation 


dJ+d*=D* . . . Eq. 9.9 

and this, of course, will probably incur some amount of trial and 

error, but the determination of d a in the first place will do much to 
restrict this to a minimum. 

After passing through the narrow confines of the central seating 
(or seatings) the steam will assume comparative quiescence through 
expansion and, in consequence, will acquire something of its 
original velocity. The diameter of the outlet branch D 0 to suit 
these conditions may then be determined from the following 
relation 



/ 0-0559^1 

V o. 


. Eq. 9.10 


where V sl = specific volume of issuing steam, obtained previously, 
and v 9 = velocity of steam in outlet branch in ft/sec and which 

may be obtained from Table 9.1. 


Surplus Valves 

A surplus valve, as its name implies, is a valve for automatically 
controlling the flow of surplus steam (or gases) on attaining a 
predetermined pressure, and in some respects is similar in action 
and appearance to a reducing valve, so much so that it is often 
mistaken for one until a closer examination reveals its identity. 

In a reducing valve, control is effected by the reduced pressure, 
irrespective of any fluctuations in the high pressure, whilst in the 
case of a surplus valve, the converse obtains, control being effected 
by the high pressure. This difference will be best appreciated when 
the functional operation of a surplus valve is understood. 

A surplus valve is virtually a safety valve wherein the discharge 
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. ncpfiillv employed or conserved instead of being 

°*Zi V dX*» »l=sph«i, and i» «t » opnn a, a pr^ur. 

uselessly discn ^ ^ at which ^ boiler safet y valves are set. 

S ° FiT Q 7 depicts a surplus valve of simple design embodying a 
valve closure member of the single-beat type. The effective area of 
The niston on the remote side of the diaphragm is arranged equal to 
!hat P of the valve seating so that the adjustment of the valve is at all 
1 . unaffected by any fluctations in pressure on the low-pressure 
T The tot-spring, therefore, is only required to impart a 
± st of a magnitude determined by the pressure at which the 
valve is required to lift to pass the surplus steam and will be given by 


W, 


7 T 


Pid; 


Eq. 9.11 


where W 1 

Pi 
d. 


= load on spring 

= pressure at which valve is required to open 
effective diameter of seating. 

(Note that the effective diameter is the boundary diameter and 
not the bore of the seating unless this is of the knife-edge type which, 

of course, is impracticable.) . 

The valve will commence to open when a pressure is reached 
sufficient to overcome the upward force of the thrust-spring deter¬ 
mined by its initial compression, thus permitting the passage o 

surplus steam to the low-pressure side. 

Having determined W v the spring may be designed in accordance 

with the Rules for Safety and Relief Valve Springs given in Chapter 7 

since the surplus valve is virtually a relief valve, differing only 

therefrom in the added refinements of controlled discharge and in 

the provision of a water-cooling leg (for protecting the diaphragm 

from the adverse effects of high temperature). ' 

Whilst the flexible rubber-composition diaphragm is primarily 
to permit of practically unrestricted freedom of movement of the 
balance-piston (which, in combination with the diaphragm is the 
simplest device of this nature that could possibly be devised, requiring 
no rings or precision fits) it ideally fulfils the equally important 
function of providing a positive seal against leakage of the working 
medium. The condensation-leg is to protect the diaphragm from 
direct contact with live steam, and only a modest amount of trapped 
condensate in the leg is sufficient to maintain the diaphragm 
relatively cool, since it must be remembered that water is not one 
of the best conductors of heat. 

Metallic diaphragms of various materials and diversified 
configurations have been tried with varying measures of success 




Fig. 9.7. Surplus Steam Valve—Single-beat Type 
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A *n c n me cases have given results comparable with those obtained 
r nd 1 the more obliging rubber diaphragm, but none of these can 
mn £e v£h the latter on the dual scores of simplicity and cheapness. 
Renewal of the rubber diaphragm is a simple procedure and in cases 
R f emergency a diaphragm cut from insertion rubber may be 
nected to give temporary service pending receipt of the correct 
exp r " size from the makers. A rubber diaphragm usually gives 
f'melv warning of its impending failure by developing a slight leak 
which is not always arrested by tightening of the flange bolts. 
Such visible evidence of impending failure should be acted upon 
without delay and the resourceful engineer will keep a spare 

in stock, in which event it may never be required! 

The type of valve portrayed in Fig. 9-7 « one usually encountered 
in sizes up to 6 in. Above this size, however, adherence to the design 
shown would inevitably result in a valve inordinately bulky and 
uneconomical of materials, and for the sake of economy in overall 
dimensions alone a valve of the double-beat type is advocated, as 
illustrated in Fig. 9.8. Since absolute closure-tightness of a surplus 
vdve is seldom essential, the usual objection to double-beat valves 
—that of maintaining the two faces steam-tight simultaneously 
mav be promptly dismissed as being of no material consequence. 
At all events, whilst the surplus valve is similar in many respects to 
a safety valve, the former is meant to pass steam whilst the latter, 
in a correctly designed and maintained plant, should really never 
_ass steam at all, being something in the nature of an insurance 
nolicy redeemable when the unexpected happens! (In well-con- 
ducted power plants careful stoking avoids the possibility of the 
safety valves blowing, but this is unavoidable in the case of loco¬ 
motives which might be unexpectedly halted at a signal for a fair 
period. The inclusion of lavish warning devices common in land 
stationary boilers are precluded from being widely adopted in the 
case of locomotives on the score of space limitations and their 


vulnerability.) . . . 

Surplus valves for the higher capacities in which the valve 

mechanism is of the double-beat type as shown in Fig. 9.8 may 
now be considered. Again, the valve member is normally con¬ 
strained to remain in the closed position mainly due to the thrust of 
the compression spring acting through the agency of the lever and 
rod affixed to the flexible rubber-composition diaphragm and the 
piston. The valve will tend to open when a pressure is reached 
sufficient to overcome the upward thrust determined by the extent 
of initial compression imparted to the spring, thus permitting 
surplus steam to pass to the low-pressure side. 
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Fig. 9.9. Forces acting on Surplus Valve 


Referring to the diagrammatic representation of a valve of the 
double-beat type, portrayed in Fig. 9.9, the forces acting may be 


tabulated as follows 

Closing Forces 
(acting upwards) 

Unseating Forces 
(acting downwards) 

H* 

II 

4 “ 13 

to 

M 

1 

M 

(iii) F u = - a d n z {p x - p t ) 

4 

w WJ X 
(u) w t = 

1 2 

(iv) F d = ?-p x d f * 

4 


The above takes no account of the weight of the moving parts. 

If (i) and (iii) are substantially equal (and the weight of a 
double-beat valve and its attendant parts will to some extent 
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offset^ the out-of-balance’* effeOt due to the necessarily larger 
effective area of the lower seating) then, for equilibrium 



W,= 

II 



or 

tT-l-- 

II 

= l KV 


whence 

w,= 

7 T 

• 

4 

f ps? 

L i 

. Eq. 9.12 


Now l 2 is usually made equal to 2 l lf 

then W, = \p x d? . . . Eq.9.13 

This is the force to be exerted by the spring and it will be noted 
that it is directly proportional to the square of the effective diameter 
of the diaphragm; hence it is essential to arrange this diameter 
as small as possible consistent with practical requirements if an 
unduly stiff spring, or alternatively an excessive deflexion to 
produce the requisite loading, is to be avoided. 

There is little which can be added to aid design of either reducing 
valves or surplus valves; the rules previously formulated for valves 
of similar construction may be enlisted in the case of the chest, 
cover plate, etc. The valve thoroughfares may be of equal or 
unequal diameter, depending upon circumstances of installation, 
although it would appear undesirable to make the outlet thorough¬ 
fare appreciably in excess of the inlet in the case of a surplus valve, 
since this is only required to pass steam generated surplus to require¬ 
ments and this into a zone of pressure in most cases closely 
approaching that on the inlet side. 

Since actual requirements are so varied and defy any serious 
attempts to forecast them, surplus valves do not lend themselves to 
mass production methods of manufacture, and in almost every 
instance such valves are individually designed. Moreover, there is 
not a great call for valves of this type, which fact alone is the probable 
explanation for the scant description accorded to them in most 
makers’ catalogues, some of which make no mention of them 
whatsoever. This should not be interpreted as an implication that 
the surplus valve is a dead letter; on the contrary, it is a most 
essential accoutrement where mixed-pressure boilers contribute their 
steam to a common main, but the demand for such valves is small 
compared with that for other valves. By the same token the fire 
extinguisher is a most useful piece of apparatus at times but is 
seldom seen in action. 
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boiler water level alarms 

In any boiler i, U eseo.ial .h». .he 

be maintained reasonably constant __ # ^ a condition to 

be^rtkuUrlyTvoided in the steam supply 

of steam and water would put out the fire, but this alone would 

occasion a shut-down and consequent inconvenience. 

It is preferable, therefore, to ensure against any undue variation 
in the water level by providing means of giving the boiler attendant 
timely warning of any impending adverse fluctuations, one way or 
the other, and this can be accomplished in a variety of ways the 
simplest being that rendered by the device known as the beam 
alarm, or more specifically by the appellation high-steam and low- 

water alarm. Such a device is shown in Fig. i o. i. 

At this stage it is pertinent to point out that Section 29, Para. 1 (c) 

of the Factories Act, 1937. stipulates inter aha that ™ r y ste “ mbo,ler ’ 
whether separate or one of a range . . . unless externally fired shall be 
provided with a suitable fusible plug or an efficientlow-water alarm device. . .. 

Notwithstanding the foregoing stipulation it might be argue 
that the water-level gauge provides an indication ot the leve 
conditions but visual indication is not enough; boilermen have 
been known to take a walk—or even a nap—and some level gauges 
cannot always be relied upon to give an accurate indication ot the 
true conditions obtaining. Audible, in addition to visual, indication 
is also desirable and the former is provided in the type of alarm to 

be described. . 

Referring to Fig. i o. i the alarm comprises a cast or wrought-iron 

beam from the extremities of which are suspended two “floats,” 

usually of vitrified firebrick. These so-called “floats” are incapable 

of flotation on their own account since the specific gravity of the 

* Beam alarms are not regularly fitted to boilers of the Lancashire and Cornish 
type since low water conditions are usually catered for by the high-steam and low- 
water safety valves described in Chapter 7 . 

255 



311SIHM 



Fig. io. i. Single Beam Alarm 







boiler water level alarms 2 57 

material of which they are composedis approximately ^e^hat 

of water. Much of the doubt SaTen norion that 

direction whenever (a) the lowe “float’' becomes 

covered due to a falling water level, or (6) the upper noa 
sufficiently immersed as a result of a nsrng water level- Under 
condition (a) there will be an apparent gam in weight (the Prmcip 
of Archimedes) when the float becomes uncovered, and this, in a 
correctly 1 ”designed alarm should be sufficient to pull the whistle 
valve off its seating against the steam pressure aUmg on the back 
of the valve, assisted, to some extent, by the slight out-of balance 
effect operating in favour of the low-water float. (It will be noted 
that the arrangement under no-pressure conditions is d^bemtely 

arranged out of balance, producing a tendency to clockwise rotation 

of the beam but not to any marked extent.) 

Steam is thus permitted access to the whistle under both extremes 

of undue rise and fall in level, and sounds the alarm 

Under condition ( b) a rise in water level gradually encroaching 
upon, and ultimately partially immersing, the high-water float, 
will have the effect of progressively reducing its effective weig 
until a condition is reached when it is no longer able to provide 
sufficient leverage to counteract the overturning tendency induced 
by the right hand—or low-water—float, even though the latter is 
fully immersed, and once more the whistle-valve is unseated, 
admitting steam to the whistle, which promptly gives voice. 

Thus for the two conditions of an undue rise or fall in water level, 
the whistle will give out a warning note to attract the boilerman s 
attention, admittedly without differentiating between the two 
conditions, but a glance at the level-gauge will at once indicate 
whether the alarm is sounding for high or low water. Some makers 
can offer an alarm incorporating two whistles, a high-pitched one 
for high water and a low-pitched one for low water , but this necessitates 
the employment of two beams operating on separate valves. Such 


an alarm will be described later. 

Although vitrified firebrick floats have sufficed for a long number 
of years they possess distinct disadvantages, chief of which is their 
vulnerability. A chipped float (often occasioned in transit) permits 
of water absorption and this upsets its buoyancy properties. If 
such floats are fortunate enough to escape damage in transit they 
may become damaged in the last stages of assembly, either during 




Fig. 10.2. Tubular Float 
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attachment to the rods or, more often, in the process of negotiating 
them through the narrow confines of the manhole and human 
nature being what it is, such damage is seldom reported for fear 

of admonishment. . . . 

Certain boiler feed waters accelerate disintegration of the material 

of the floats, in which case some 
measure of protection may be 
afforded them by housing them in a 
metal pan, a typical design of which 
is illustrated in Fig. 10.3. Thus, in the 
event of the firebrick disintegrating, 
the pieces are prevented from falling 
to the bottom of the boiler and 
upsetting the delicacy of adjustment 
of the alarm. 

A better alternative, however, and 
one gaining in popular favour, is to 
substitute all-metal tubular “floats,” 
as depicted in Fig. 10.2, the essential 
construction of which will be evident 
from the illustration. Here again 
it should be pointed out that the Fig. I0 -3- Float Pan 

all-metal “float,” as portrayed, is 

incapable of flotation on its own account and, moreover, does 
not require to possess any such attribute. 

The outstanding disadvantage of the beam type of alarm fitting 
is that the operating mechanism is situated inside the boiler shell, 
thus necessitating a blow-down for its examination or adjustment. 
Other types of alarm, in which the working mechanism may be 
examined, overhauled, or renewed with the boiler under steam, 
will be separately described later. 

For the sake of simplicity, consider a single beam alarm having 
firebrick floats, usually 14 in. in diameter and 4 in. thick, situated 
at a radial distance of 14 \ in. and 17J in. from the suspension—or 
fulcrum—bolt, these dimensions being substantially constant with 
all manufacturers, the combined weight of each float, rod, and 
attachment being, say, 45 lb. 

The action of the alarm may be best understood if successive 
conditions of water level and pressure are considered. 

Assume the boiler is being filled with water but no steam is 
being generated. Due to the preponderance of leverage in favour of 
the low-water float it will be obvious that the beam will rotate 
in a clockwise direction, pulling the whistle-valve off its seating. 
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This clockwise motion will be ultimately arrested by the jaw on 
the high-water float rod striking the boiler shell as depicted in 
Fig. 10.4 (Case 1). (In what follows high-water and low-water will 
be denoted by H. W. and L. W. respectively.) It may be concluded 
that the whistle-valve will certainly open to atmosphere under no 
pressure and no water conditions, but assuming that the water level 
is now permitted to rise until the L. W. float is partially immersed, 
a condition will arise wherein the buoying effect of the partially 
immersed float will counteract the out-of-balance effect of the 
system, causing the beam to assume a horizontal position with 
the whistle-valve just seating, as shown in Fig. 10.4 (Case 2). 

The minimum depth of immersion to bring about these con¬ 
ditions may be calculated from a knowledge of the forces main¬ 
taining equilibrium of the lever system, based on the dimensional 
data given. 

Note that the clockwise moments tend to unseat the whistle 

valve whilst the converse obviously holds true for anti-clockwise 
moments. 

Assuming the beam balanced about 0 and equating clockwise 
and anti-clockwise moments 


T 7 i (45 ~ S 2 ) = 45 X 14J 


where S 2 = displacement 


whence 


45 


45 i X 14J 


ni 


67 lb 


If m 2 is the depth of immersion in inches, then 


— X 14 2 X 0*036 X m 2 = S 2 


whence 




7T X I 4 2 X 0*036 


= 0*18^2 


Eq. 10.1 


* Note that 1 in. 3 of water has been assumed to weigh 0*036 lb. This figure is 
only correct at 20°C (68°F) but the variation is insufficient seriously to affect the 
accuracy of any calculations, the final results of which cannot be determined with 
precise mathematical exactness. If required, the more exact values relating to 
the density of water appropriate to actual temperature conditions may be taken 
from the curve given in Fig. 10.5. 
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Then, in the case under consideration (Case 2) 

m 2 = 0*18 X 67 
= 1*205 in. 

Under such conditions of immersion (1-205 in.) anc * pressure 
(zero) the whistle-valve will be just making contact with its seating 
—nothing more—nothing less. 

Still referring to Fig. 10.4 (Case 2), now assume that steam is 


ABSOLUTE PRESSURE CORRESPONDING TO SATURATION TEMPERATURE lb/ln J 



generated to some such pressure p lb/in. 2 , the water level remaining 
unchanged. 

This pressure will now be exerted on the effective area of the 
back of the whistle-valve (usually of 0-15 in. 2 effective area) and 
this will tend to produce a clockwise moment about 0 of magnitude 
0 'i$p X 1 ft lb-in. 

Whatever increase in pressure takes place the whistle-valve will 
remain closed as long as the water level remains constant at a 
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height of i -205 in. above the bottom surface of the L. W. float, 
although it will produce an ever-increasing seating force. 

Now imagine the water level to recede, say, due to evaporation. 
It is now possible to determine the maximum steam pressure 
against which the L.W. float, with its increased leverage, could pull 
the whistle-valve off its seating and thus sound the alarm. As long 
as the L.W. float is completely uncovered (left “high and dry,’* 
as it were) it matters not how far the level recedes; the effect will 
be the same. Then, for equilibrium, clockwise and anti-clockwise 
moments about 0 will equal zero, or 

45 X 1 7 i = (0*15 X 1 + (45 X 14J) 

whence p = 4 g 0 lb/in. 2 

Thus, the single beam alarm portrayed is suitable for a maximum 
working pressure of 490 lb/in. 2 in so far as low water is concerned. 

Now suppose the water level to rise, entirely covering the L.W. 
float, and again assume the pressure in the boiler to be atmospheric 
until it is later decreed otherwise. 

Conditions are now as portrayed in Fig. 10.4 ( Case 3) with the 
beam still horizontal, the valve urged on to its seating and the 
water having risen in this instance to such an extent as to partially 
immerse the H. W. float. 

Progressive immersion will eventually render the H.W. float so 
buoyant as to enable the L.W. float, with its increased leverage— 
despite the fact that it, too, is buoyant—to rotate the beam about 
0 and thus pull the valve off its seating. 

It is now possible to find how high the water level would require 
to encroach on the H.W. float to bring about this condition, not 
overlooking the fact of there being no steam in the boiler. Let the 
depth of immersion of the H. W. float for these conditions be now 
denoted by m 3 . 

Equating clockwise and anti-clockwise moments as before 

I 7 i (45 - 2 2 ) = I 4 i (45 - S 3 ) 

displacement corresponding to a depth of immersion m3. 

S 3 = *7*7 lb 

m3 = o-i 85 3 . . . Eq. 10.2 

m 3 = o*i 8 X 17*7 
= 3*2 in. 

At this depth of immersion the valve would be just on the point 
of leaving the seating. 


where S. 
« 

Then 

Now 

then 
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For the last case now suppose a pressure p lb/in. 2 to be raised in 
the boiler, the water level remaining as in Fig. 10.4 (Case 3); this 
pressure will have the effect of maintaining the valve in more 
intimate contact with its seating and an enhanced immersion of the 
H. W. float will be required in order to urge the valve off its seating 

against this pressure. 

Now assume conditions as in Fig. 10.4 ( Case 4) wherein the H.W . 
float is totally immersed and the pressure in the boiler is again 

p lb/in. 2 

Equating clockwise and anti-clockwise moments 

i 71(45 - 22) = 14K45 - 22) + (P X 0-15 X I ft) 

whence P = 248 lb/in. 2 

Thus the single beam alarm portrayed is suitable for a maximum 
working pressure of 248 lb/in. 2 in so far as high water is concerned 
and, being lower than that obtained previously for conditions of 
low water , must be regarded as the maximum for which the alarm 
may be relied upon to operate satisfactorily. 

Any increase in immersion of the H. W. float in excess of the mini¬ 
mum required to immerse it completely will have no effect on the 
system whatsoever. Where the alarm is required to function at a 
pressure higher than that stated, some modification of the design 
will be rendered necessary, either by decreasing the valve area , or 
fulcrum distance , or both, or in other diverse ways. 

Sufficient has been shown, however, of the mechanics of the 
arrangement as to enable the designer to carry out such modifications 
as he may think fit to meet varying conditions of pressure. 

The foregoing calculations on the depths of immersion enable 
the settings for the upper and lower water levels to be determined 
with respect to the normal working level for any given case. Also, 
sufficient has been outlined in the preceding investigations to 
demonstrate that for the best performance the floats should be 
positioned on their respective rods in such a manner as to be 
operatively sensitive to the approach of the maximum and minimum 
water levels specified in a given application. Whether manu¬ 
facturers always take the trouble to comply with this requirement 
is somewhat speculative; all too often the positioning of the floats 
is left to the judgment of the fitter responsible for assembling the 
alarm within the boiler, and many are the misconceived notions 
under which some fitters labour regarding the setting of such 
apparatus. This often gives rise to unwonted criticism when the 
alarm subsequently fails to operate at the appointed water levels or 
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what is perhaps as bad—operates too frequently, showing that 
the relative positions of the two floats are at fault. 

It can be demonstrated that the depth of immersion of each float 
is a function of the boiler pressure, and although the variation in 
immersion is relatively small for a reasonable variation in pressure, 
it is nevertheless advisable to compensate for varying pressures 
accordingly. 

Considering firstly the case of the L.W. float, it is known that 
when the alarm is just on the point of operating, the following 
conditions of equilibrium are established 

I 7 i (45 - S L ) = (o-15 X ift X jfr) + (i 4 i X 45) 

where p = boiler working pressure, lb/in . 2 gauge 
S L = displacement in pounds. 

Whence 

S L = 7 * 2 -0-0147 P • • . Eq. 10.3 

but S L = 0-036 X - X 14 2 X m l 

4 

where m, = depth of immersion in inches 
and by substitution for S L 

m l = 1-3 — 0-00265 p . . . Eq. 10.4 

Thus the theoretically correct depth of immersion of the L.W. 
float m l for any given pressure p within the normal pressure limits 
for which the alarm is suitable may be readily calculated. 

Plotted values of m l for all pressures up to 250 lb/in. 2 are given 
in the graph, Fig. 10.6. 

In like manner the depth of immersion m hf in the case of the 
H.W. float, may be calculated for any given pressure according to 
the following relationship 

« 7 i (45 - 22) = Hi (45 ~ S H ) + (o-i 5 x i#j») 

where = displacement in pounds. 

Whence S H — 1 7*7 + 0-0174 P • • • Eq. 10.5 

but S H = 0-036 X — X 14 2 X m h 

4 

where m h = depth of immersion in inches 
and by substitution for S B 

m h = 3-2 + 0-00315 p . . Eq. 10.6 
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Plotted values of m h calculated from Eq. 10.6 are given in the 
same graph (Fig. 10.6) as that containing values of tw, previously 
determined. It will be noted from the graph that whereas the 
depth of immersion m l of the L. W. float diminishes as the pressure 
increases, the converse obtains in the case of the H.W. float, and 
this is what one would expect to find. These facts now conveniently 
illustrated in the graph (Fig. 10.6) provide a ready means of 
accurately positioning the two floats on their respective rods relative 
to the normal working level and the desired variation either way. 



Fig. 10.6. Depths of Immersion—High and Low Water Alarms 


Referring to Fig. 10.7 let x h and x x represent the maximum 
permissible upper and lower variations from the normal working 
water level, respectively. Generally x h and x x are of equal amount. 

Also let h be the distance from underside of the shell plate (a 
convenient datum) to normal working water level; then it will be 
obvious that 

h x = h + x, + m l . . Eq. 10.7 

and h 2 = h — x h + m h . . Eq. 10.8 

When all-metal tubular floats of the type previously described are 
specified, calculations similar to the foregoing will apply but the 
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calculations on displacement will be somewhat tedious by virtue of 

the constantly varying configurations of such a float, as will be seen 

later. The firebrick type of float, being perfectly cylindrical, is 
more obliging in this respect. 

Dual Beam Alarm 

It has been demonstrated that the typical single beam alarm 
forming the subject of these investigations is only suitable for a 
maximum boiler pressure in the region of 250 lb/in. 2 , but as this 



Fig. 10.7 


form of alarm is favoured for boilers of the water-tube type, many 
of which usually work at much higher pressures, some departure 
from the design already portrayed must be effected in order to fit 
it for working at the higher pressures. 

From considerations of space limitations imposed by the relatively 
smaller drum exhibited in the water-tube boiler, it is undesirable, 
if not impracticable, to increase the leverage of the beam-and-float 
system. Instead, it is preferable to reduce the size of the whistle- 
valve (thus reducing the steam pressure loading on the valve) but 
this is not altogether desirable since the valve is sufficiently diminu¬ 
tive at in. seating diameter, and any further reduction in the 
size of this member would render it too frail and prone to failure. 
Moreover, any marked diminution of the pipe to the whistle restricts 
the free flow of the steam, in consequence of which the whistle, 
instead of giving forth its full-throated warning, might easily 
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ove lacking in its utterance. The extent to which one might 
reasonably reduce the seating is a matter best determined experi¬ 
mentally in so far as obtaining a satisfactory tone, or note, is 


It has already been mentioned that an alarm of the beam type 
may be designed to give two separately distinct tones, low pitched 
for low water and high pitched for high water. This necessitates the 



Fig. 10.8. Isometric Arrangement of Dual Beam H.W. and 

L.W. Alarm 


employment of two separate beam-and-float systems and is an 
additionally laudable arrangement in that in conjunction with 
all-metal floats it is suited to high pressure and/or temperature 
operation. It is fitting, therefore, to examine such an arrangement in 
a similar way to that employed in the case of the single beam alarm. 

Fig. 10.8 diagrammatically portrays an isometric arrangement of 
a dual beam alarm from which it will be noted that in the case of 
low water (and no pressure within the drum) the L. W. float tends 
to open its own separate whistle-valve whilst the H. W. float tends to 
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d° s e its particular valve. This is an important point not to be 
overlooked, yet the unwary designer might easily make a blunder 
in this respect. The action of the two separate beam-and-float 
systems depicted in Fig. 10.8 should be carefully followed. 

As in the case of the vitrified firebrick fitted alarm previously 
described, certain basic dimensions will be assumed, representative 
of normal practice, for the better understanding of the principles 



Fig. 10.9. Displacement of Tubular Floats 


involved. Having thoroughly followed the mechanics of the 
system, the designer will find no difficulty in making such modifi¬ 
cations as may be deemed expedient to suit a particular application. 

The all-metal tubular “float” (Fig. 10.3) will be incorporated in 
the dual beam alarm now described. 

Neglecting the suspension rod but including the mild steel 
binding straps and cast-iron spacers the weight of the float to the 
dimensions given in the illustration amounts approximately to 
50 lb, and its total displacement 32 J lb. These figures will be 
adopted in the treatment which follows. 
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Due to the irregular configurations of this type of float its pro¬ 
gressive displacement will not be strictly proportional to its depth 
of immersion (as in the case of the truly cylindrical firebrick float), 
but will deviate somewhat from a straight line relationship. For 
extreme accuracy much laborious calculation would be the inevitable 
accompaniment of any attempts to correlate depth of immersion 
with displacement , but this relationship has been established once 
and for all for the float under consideration, the results being 
embodied in the graph shown in Fig. 10.9, to which reference 

should be made. 

Consider first the L. W. arrangement. As in the case of the single 
beam alarm previously described, first assume that the boiler is at 
atmospheric pressure and is being filled with water. The L.W. float 
will be in the dropped position and its whistle-valve wide open, due 
to a preponderance of float-moment over counterpoise-moment. 
(The weight of the counterpoise on each beam will be taken as 
25 lb each operating through a leverage of 2of in.) The beams 
will be assumed to be balanced in both cases. 

Taking moments about the fulcrum pin 0 , the amount of 
displacement which would just cause the whistle-valve to close may 

be determined as follows— 

jf S LT denotes the partial displacement, then 

I 7 i( 5 ° - s lt) = 25 X 2of 

whence $lt = 20 lb 

Referring to Fig. 10.9, the depth of immersion m t corresponding 
to this displacement may be readily found, namely 3*65 in. 

Now assuming a pressure p to build up within the drum, this will 
have the effect of augmenting the contact pressure of the L.W. 
whistle-valve on its seating, and with an ever-rising water level 
increasing the displacement of the L. W. float, this contact pressure 
will be still further augmented. 

The relationship between the weight of the float, its total dis¬ 
placement, valve orifice diameter and other variables, obviously 
must be such as to permit each float to open its respective whistle- 
valve against this pressure p . 

Making certain assumptions based on usual practice with this 
fitting, the maximum pressure p m at which the L. W. float mechanism 
would operate may be readily determined. Assuming the water to 
have receded below the L. W. float, and equating clockwise and anti¬ 
clockwise moments about the fulcrum, or suspension, bolt 

50 X I 7 i= (0-15 X ift/> TO ) + (25 X 2of) 

Pm = I,35 8 lb/in.2 


whence 
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This figure is appreciably in excess of that derived in the case of 
the single beam alarm, clearly illustrating the necessity of adopting 
the dual—or independent—beam alarm in the case of the higher 
steam pressures. Had a somewhat smaller valve orifice been adopted 
the permissible pressure would have worked out greater still. 

By way of comparison suppose a valve orifice of ££ in. diameter 
(area 0*0928 in. 2 ) be adopted. As before 


50 X 17J = (0*0928 X 1 ftp m ) + (25 X 2of) 
whence p m = 2,035 lb/in. 2 


Even greater pressures could be catered for if slide valves, 
requiring a smaller force to operate them, were substituted for valves 
of the more customary “lift” type. 

Consider the H.W. float system, bearing in mind that in this 
instance a. falling float tends to close its particular whistle-valve, the 
exact opposite of that obtaining in the case of the L. W. float system. 
This is most important. 

Suppose the water level is now permitted to rise to an extent 
sufficient partially to immerse the H.W. float to some such depth 
m if corresponding displacement S iy then we have the following 
conditions of equilibrium. Adopting the same principal dimensions 
and data as before 


25 X 20J = (0-15 x ift/O + [I 7 i( 5 ° - £<)] 
whence S { = 19*93 + 0-01468/* . . . Eq. 10.9 

Owing to the variable configurations of the tubular float, the 
depth of immersion corresponding to the calculated displacement S { 
is best determined from the graph (Fig. 10.9) previously referred to. 

In like manner the displacement S Q , and corresponding depth of 
immersion m 0 , for the L. W. system may be found to be the same as 
that derived by Eq. 10.9 for any given steam pressure />, namely 

S Q = 19*93 + 0*01468/* . . Eq. 10.10 

Thus, as in the case of the single beam alarm, if the distance 
from the underside of the shell plate to normal water level be 
denoted by h, the distance h x and h 2i representing the distance of 
the undersides of the L.W. and H.W. floats respectively, from the 

underside of the shell plate may be determined from the relations 

# 

h x = h + + m 0 . . . Eq. 10.11 

h t = h — x h + m t . . . Eq. 10.12 
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where x x and x h are the respective permissible variations from the 
normal working water level. Note that m { and m Q are of equal 

amount in the case of the dual beam alarm. 

Knowing that the maximum possible displacement of a tubular 

float to the dimensions shown in Fig. 10.3 is 32 J lb, the maximum 
limiting steam pressure against which the H.W. beam system could 
satisfactorily operate may now be determined. This is simply a 
case of substituting for S t previously determined in Eq. 10.9, i.e. 

32*5 = 19*93 + 0*01468 p 
whence P — 856 lb/in. 2 

It will be recollected that the corresponding figure in the case of 
the L.W . float system was 1,358 lb.in. 2 and in order that the alarm 
may be equally suitable for a given pressure under both conditions 
of high and low water, some rearrangement of the key dimensional 
data—assumed for purposes of illustrating the mechanics of the 
system—will be desirable. 

It has already been demonstrated that a slight variation in the 
orifice diameter of the whistle-valve (other things being equal) 
makes an appreciable difference to the pressure range in which the 
alarm may be expected to function satisfactorily. 

Regarding the actual detail design of high and low water alarms 
of the beam-and-float pattern, from a strength point of view, little 
or no calculation is required. The beam itself should present no 
difficulty and should be proportioned more from considerations of 
flexural stiffness rather than from considerations of the forces 
imposed, since these are of no great magnitude, and this applies in 
the main to the other scantlings. 

It has not been considered necessary to dilate upon the actual 
design of the whistle and its attendant parts, the arrangement shown 
in Fig. 10.10 serving to illustrate the general construction. 

The fulcrum pin should be designed more from considerations of 
its wear resistance than from its shearing resistance which, at best, 
is only of a very small order, whilst the whistle proportions are only 
determinable from experience both as regards the disposition of the 
parts themselves and the choice of materials to give the desired tone. 

The following composition, known as “bell” metal, will be found 
to possess good tone characteristics. 

Copper . . .80 per cent 

Tin . . .20 per cent 
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1°. i o illustrates a typical design of whistle suitable for the 
of a high and low water alarm but some variation from the 
shown may be necessitated according to the tone 
such as increasing the length of the bell to give a deeper 


I 



Fig. io. io. Alarm Whistle 


required, 
one (and 


Fig. 

duties 

design 


vice versa) or by varying its thickness. This is a matter best estab¬ 
lished by experimentation but how far uniformity of tone may be 
attained is exemplified in the whisdes employed on main-line 
locomotives whose tones are as remarkably consistent as they are 
decisive. 
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Fig. 10.12. Crosby-Bernon Alarm 

(Reproduced by courtesy of The Crosby Valve and Engineering Co. Ltd.) 
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External Alarms 

Both the single or double beam type of alarm share the common 
disadvantage of being inaccessible for inspection or overhaul whilst 
the boiler is under steam. Should anything go wrong with the float 
mechanism a blow-down is imperative before any repairs can be 
effected, and generally such repairs have to be postponed until 
such time as a suitable opportunity for blow-down is presented. 
An alarm free from the defect of inaccessibility whilst the boiler is 
under steam is the well-known “Hilo” alarm, manufactured by 

Messrs. Ronald Trist & Go. Ltd., Slough, Bucks., an illustration of 
which is shown in Fig. i o. 11. 

This is an external alarm, in which the operating mechanism is 
external to the boiler, and the whole fitting may be isolated therefrom 
whilst under steam by closing the steam and water isolating stop 
valves interposed between the alarm and the boiler (not shown). 

If required, the whole apparatus can be taken to the bench to 
simplify inspection or repair. The mechanism comprises a freely- 
floating ball-float slidably mounted on the central stem and con¬ 
strained to engage at its upper and lower positions (corresponding to 
the high and low water levels) with suitable toggle-link mechanism 
for urging the whistle-valve off its seating, thus permitting steam to 
escape and blow the whistle for both conditions of high and low 
water. 

The “Hilo” alarm is particularly suitable for marine boilers 
where the beam type would be a source of annoyance on account 
of the roll of the ship. Being fitted external to the boiler the alarm is 
entirely unaffected by ebullition of the water, a condition which is 
not conducive to the best performance of an alarm of the internal 
type. A means of adjustment is provided whereby the range of high 
and low water levels may be varied within reasonable limits. 

Another type of external alarm depending for its action on an 
electrical circuit is the Crosby-Bernon alarm manufactured by the 
Crosby Valve & Engineering Go. Ltd., and illustrated in Fig. 10.12. 
This comprises a pressure chamber in which is freely suspended an 
open-topped bucket-type float, so that its adoption for high-pressure 
service is not restricted to the strength of an ordinary ball-float. 
Attached to the bucket is a rocking arm on which are two soft iron 
pole pieces. Depending upon the position of the float one or other 
of these pole pieces tilts towards the bronze or copper thimble. 
Suspended within this thimble is a vertically-disposed magnetized 
silver steel contactor which makes or breaks contact in a low-tension 
circuit of approximately 9 volts, thus enabling an indication of the 
water level to be given by means of an alarm bell, or siren, or a 
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liffht sienal The thimble is only of very small diameter and being 
Sect oSy to external pressure, the danger of bursting is very 

^Tbe electrical connexions are adequately insulated and as only 
low voltage current is used in the closed circuit without earthing, 
the apparatus is perfectly safe. A pleasing feature of this alarm is 
that itis sensitive to very small water-level variations and is a very 
neat and compact piece of equipment. Coloured light signals may 
be incorporated to differentiate between high and low water levels. 
The alarm may be readily attached to any boiler gauge glass 
connexion by the interposition of suitable tee connexions, 
shares with the previously described alarm the advantage tha 1 
may be isolated from the boiler by incorporating suitable stop valves. 
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WATER-LEVEL GAUGES, PRESSURE GAUGES 

AND ACCESSORIES 

The provision of some visible means of indicating the position of 
die water level in a boiler must have been apparent from the very 
inception of the steam boiler. The damage or disaster which might 
result from an undue fall in water level, for example, was too serious 
to contemplate and so the water-level gauge became, and still 
remains, as essential an adjunct of the steam boiler as the rivets 
which hold it together, and water-level gauges are legion in variety, 

as is to be expected in fittings which have to cater for widely varying 
pressures and temperatures. 

The prominence given in B.S.759 * * 95 ° to this subject is indicative 
of the importance which is attached to such fittings, comprising no 
less than nine separate Clauses. 

These will be dealt with appropriately and their impact on 
design examined. 

Clause 37 states: Water gauges shall be fitted with cleaning plugs. 
Attention should be directed to Fig. 11.1 depicting a water gauge 
of modern design and incorporating many improvements in design 
which practice has dictated. The cleaning plugs referred to above 
are indicated at A and A' y these affording access to the gauge bodies 
B and B' in order that the latter may be “rodded through” to 
remove scale. This practice should be resorted to at frequent 
intervals or faulty indication may result due to the necessarily 
small passageways becoming choked with boiler scale, etc. Designers 
should be careful to ensure that the length of thread engagement on 
such plugs is sufficient to prevent them being blown out, since 
repeated removal and restoration often impairs the threads. It is 
advisable to renew the joint washers C and C' on each occasion 
the plugs are removed. 

Clause 38 states— 

Where gauge cocks are operated direct , the handles shall be so arranged to 
lie parallel with the longitudinal centre line of the gauge when the cocks are 
in the normal working position. If detachable handles are provided , arrange - 
meats shall be made to prevent incorrect fitting of the handles. This fore¬ 
most condition is complied with in the design depicted in Fig. 11.1 
in which it will be seen that the cocks are open to the gauge glass 
with the handles parallel to the glass. This is contrary to the practice 
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rSi Sd te^ to fall into the vertical position, thus 

mTTs^n^ 

sa=s^f^i :; s 

and become broken by an accidental blow from the stolung too s^ 
The try-cock handle D violates the above rule lying n line with 
the glZs with the cock closed. With all three handles lying in the 
pL. in the norm,! operating po.i.ion, the gauge adjnmedly 
presents a neater appearance than would otherwise be the case 
and this might also be one reason for this departure from normal 

C °Notches denoting the position of the ports should be cut in the 


top of each plug, as shown. . . o u 

With reference to the last sentence contained in Clause 38 above, 

and relating to detachable handles, the provision stipulated is 

fulfilled by arranging the cored (or broached) holes as shown in 

the detail view in Fig. ii.i so as to render them incapable ot 

assembly with the plug excepting in their ordained position relative 

thereto. 


Clause 39 states: A drain cock or valve with a suitable discharge pipe 
shall be fitted to each water gauge. Again Fig. 11.1 embodies such an 
arrangement in the provision of the try-cock E, the lower extremity 
of which comprises a cone union for the attachment of a copper 
pipe by means of which the discharge from the glass is conducted 
to a safe point (usually the ash-pit) when the try-cock is opened 
for blowing the glass clear. On no account must such a pipe be 
led to some point where the discharge cannot be readily observed 
by the boiler attendant from his accustomed position in front of 
the boiler to which the particular gauge is fitted. Periodic opening 
of the try-cock causes a rush of steam which blows away any 
accumulation of dirt or scale which might obscure the position of 


the water. 


Clause 40 states— 

Where tubular glass water gauges are fitted , substantial protectors shall 
be provided which shall not obstruct the reading of the gauge . The glass 
shall be suitably treated to prevent splintering . 
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In all water gauges employing a cylindrical glass tube there is 
always a possibility of the tube fracturing without warning, and 
this might cause serious injury to anyone in proximity to the gauge. 
Consequently, provision must be made to avert the consequences 
which might attend the bursting of the glass. 

Only the best quality glass tubes should be employed. Cheap 
tubes are a menace, as every boilerman will confirm. 

A protector to suit the gauge shown in Fig. 11. i is illustrated in 
Fig. 11.2 comprising three toughened glass shields E 1 housed in 
simple frames F and F', held together by tension rods G and G'. 
The whole assembly is arranged to drop over the gauge nuts (shown 
in chain lines) and is retained in position by a knurled head screw H. 

Clause 41 states: Tubular water gauge glasses shall not be less than \ in. 
and not more than f in. outside diameter. This calls for no comment. 

Clause 42 states: Water gauge glass mountings shall be fitted with 
self-closing devices in the bottom arm. 

Reverting to Fig. 11.1 it will be noticed that balls J and J' are 
housed in suitably shaped cavities within the castings of the upper 
and lower arms respectively. These balls serve the purpose of 
automatically sealing the gauge against violent and dangerous 
leakage of steam in the event of the gauge glass breaking. It will 
be apparent that if the glass fractured there would be an immediate 
escape of boiler steam (and water which would flash into steam), 
rendering the boiler front unapproachable, apart from the obvious 
danger to anyone in close proximity to the gauge. In this event 
the rush of water through the bottom arm would sweep the ball J' 
off its pronged seating K and lift it on to the seating L , thus closing 
one avenue of escape; at the same time water would be forced up 
the connecting pipe Af, assisted by the rush of steam through this 
arm, sweeping the upper ball / on to a similar seating located in the 
top arm. 

It is not generally appreciated that the connecting pipe M is an 
essential adjunct in all gauges required to be automatic in both 
top and bottom arms. Otherwise, too great a reliance cannot be 
placed on their ability to function satisfactorily in an emergency. 

The presence of scale or grit on the ball seatings will in many 
cases prevent a perfect seal being made but the provision of this 
safeguard invariably prevents the voluminous discharge which 
would inevitably result in the absence of such a safety feature, and 
thus permit the gauge to be approached with caution for the purpose 
of shutting off the gauge cocks and to enable a new glass to be 
fitted. On shutting the cocks the balls will then roll off their seatings 
and take up their normal position. 
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Fig. i 1.2. Water-level Gauge Protector 
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The provision of a large ball in the bottom arm ensures that it 
will roll away from its seating against the head of water in the boiler 
thereby avoiding the possibility of a false reading resulting from 
water being trapped in the gauge glass. By employing a heavy 
ball this contingency will not arise. 


Q 



Fio. 11.3. Water-gauge Pillar 


Clause 43 states— 

Where the gauges are mounted on a column there shall be no connecting 
passage between the top and bottom arms of the column unless valves or cocks 
are fitted between the column and the boiler. Fig. 11,3 shows a typical 
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water gauee column suitable for the mounting of two gauges side by 
side (giving a double check of the water level) and havrng common 
steam and water connexions to the boiler. It will be see 
central column P has a continuous passage connecting the top a 



Fig. 11.4. Water-gauge Column with “Y” Branch Connexions 


bottom arms but this is only permissible when stop valves or cocks 
are interposed between the flanges Q, an d Q[ f° r isolating the 
column in the event of a leakage developing. The length ot such a 
column defies close inspection with a view to ascertaining the extent 




Fio. 11.5. Asbestos-packed Water Gauge mounted on Column and 

with Separate Shut-off Cocks 
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of wasting at or about the normal water- 
level position, which is no doubt the 
principal reason why the employment 
of a continuously cored column is dis- 

couraged. 

Fig. 11.4 depicts a similar column in 
which there is no communication between 
top and bottom arms other than that 
provided by the gauges themselves. Al¬ 
though the central bracing column R is 
hollow, this is only made so in the interests 
of lightness. The provision of a small 
drilled hole at S should not be overlooked. 

Alternative forms of water-gauge col¬ 
umns or pillars are shown in Fig. 11.5 and 
11.6. In the former there is a through 
connecting passage between the top and 
bottom arms, whereas in the latter there 
is no such communication. Auxiliary stop 
valves or cocks should be interposed be¬ 
tween column and boiler in both cases. 

Clause 44 states— 

Cocks integral with the water gauges shall 
be of a type having the plug held in place by 
a guard or gland. For pressures of 100 lb /in . 2 
and over the bodies of water gauge cocks shall 
be packed with asbestos or other heat-resisting 
material. This foremost provision aims at 
preventing the cock plugs being blown 
out of their bodies as might result in certain 
designs wherein the same nut is used both 
to compress the packing and to retain the 
plugs in position. Repeated adjustment 
of the gland tends to impair the threads, 
which might strip and allow the plug to 
be blown out. In this event the gauge 
would be unapproachable and, even if it 
were, nothing could be done to shut off 
escaping steam. 

In the design shown in Fig. 11.1, the 
plugs are of the inverted pattern. Any 
tendency to blow out would be directed 
against the blind nut N which is seldom, 



Fig. 11.6. Alternative 
Form of Water-gauge 
Pillar with Blind Flange 
for Attachment to Boiler 

Front 
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if ever, removed, and this possibility is further prevented by the 
presence of the handle and nut at the other end of the plug. 

In some designs the plug follows the lines of plug cock practice 
but the retaining nut and packing gland are separate units, the 
former seldom being removed and only in cases of extreme necessity, 
whereas the gland nut calls for periodic adjustment. 

Reflex Gauges 

Boiler water gauges incorporating a cylindrical glass tube (as 
previously described) are generally unsuited to pressures in excess 
of 300 lb/in. 2 , and might well be supplanted by something with 
less likelihood of fracture at pressures much less. 

The desirability of reducing the breakage hazard to one of 
remote possibility in the case of high pressure boilers led to the 
introduction of the plate-glass type of gauge which possesses many 
desirable features, chief of which is its almost complete immunity 
from breakage in the ordinary course of events. 

The construction and salient features of such a gauge will be 
best understood by reference to Fig. 11.7 ( b ) which illustrates per¬ 
spective^ a transverse cross-section through the sight glass fitting. 
A is the frame, usually of gunmetal, which houses a toughened 
reflex glass plate C and centre piece E , also usually of gunmetal, 
the latter being forced into intimate contact with the reflex glass 
by a series of set-screws G screwed into a wedge piece F. Gaskets 
B and D serve to make a pressure-tight joint between the frame 
and centre piece respectively. The glass plate may be made any 
thickness within reason to suit the higher steam pressures for which 
it is mainly intended. The inner surface of the glass plate has a 
series of furrows running lengthwise of the glass, giving a prismatic 
effect such that the water content appears black and the steam content 
silvery white, clearly a distinct advantage over the cylindrical type 
of gauge glass wherein the water level is invariably difficult to 
discern, particularly in a badly lighted boiler house. This effect 
is featured in the illustration of the complete gauge shown in 
Fig. 11.7 (a) and is no exaggeration of the marked contrast presented 
between the steam and water content, as may be proved by anyone 
who cares to take the trouble to visit a boiler house where such a 
gauge is fitted. From the latter illustration it will be seen that the 
upper and lower portions of the frame terminate in hollow cylindrical 
projecting pieces for mounting in the gauge cock bodies. Thus it 
is possible to substitute a gauge fitting of this description for the 
glass tube normally employed in the type of gauge previously 

described. 
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Fig. i 1.7 


distilled feed water is employed. Additionally, corrosion of the 
glass is often accelerated by many of the alkaline feed water additives. 

In an endeavour to counteract the foregoing disadvantages a 
special borosilicate corrosion-resisting glass is chiefly employed 
both for cylindrical and reflex glasses, but even so corrosion inevit¬ 
ably takes place and, in due course, leakage ensues and the glass 
has to be replaced. For this reason it is advisable to fit all high- 
pressure boilers steaming 500 lb/in. 2 and over with gauges employing 
means of preventing the water from coming into direct contact 
with the surface of the glass. In this connexion the Klinger double 
plate level gauge depicted in Fig. 11.8 is an example of this type 
of gauge wherein it will be noted that mica plates are interposed 
between the water-contacting surfaces of each reflex glass and the 

body of the gauge. 
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Fio. 11.8. Klinger Double Plate Level Gauge 

(Reproduced by courtesy of Messrs. Richard Klinger and Co. Ltd., Sidcup) 
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gauges of this design. 

Pressure Gauges and Accessories 

That which follows makes no pret““ Tories 

a descriptive dissertation on pressu has nQt so muc h depended 

since their present state o near-p e matical principles as upon 

- - 

incorporation of the correct matenals of^construcUon. e 

-- 0-0 

^“de^rer'whichjusdy qualify as precision instruments, and 

and most other pressure vessels, the Bourdon Pressure Gauge*. 

Most engineers will be familiar with this type, almost universally 
employedXt there may be some to whom the actual mechanism 
itself is something of a mystery. It is for those falling w 
latter category that the following brief description is intended, 
those more well-informed may excuse the slight digression u 

° C The principle of action may be best understood by referring to the 
diagram shown in Fig. 11.9 which depicts the essential construction 

0 f The°workin S g a fl S u e id is admitted at A through a small-bore hole 
communicating with the Bourdon tube B of hoUow eUtpUc^ 
section, as shown to advantage in the sectional side elevation The 
Bourdon tube is rigidly attached at one end to the central bloc 
C whilst the other end is free to move in an outward direction. 
Under the influence of internal pressure the tube tends to straighten 
itself (much in the same way that a length of hose pipe tends to o 
likewise when water is suddenly turned on) and in so doing, the 
double link L, pulling on the quadrant Q_, pivoted at P, rotates the 
small pinion N to which the indicating pointer .R is rigidly attached, 
thus recording the pressure obtaining on a suitably calibrated dial 

M behind the protecting glass G. 

* Originally patented by Bourdon, a Parisian instrument maker, in 1850. 




Fio. ,1.9. Bourdon Pressure Gauge-Typical Secton 
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The screwed shank S (usually screwed British Standard pipe 
thread) should be screwed down in such a way that the end face F 
makes a pressure-tight joint against a flat lead washer mserted m 
the boss (or siphon pipe nut) intended for its reception and the 
joint thus made should suffice without recourse to the use of any 

Idditional jointing material. This is important. The small peg 

A serves to locate the gauge and prevents the lead washer 


from spreading. 

For use with compressed air, Bourdon tubes of bronze are used 
for pressures not exceeding, say, i ,500 lb/in.* whikt steel tubes 
are used for pressures between 1,500 and 3,000 lb/in. 

As a precaution against internal corrosion, gauges with non- 
corrodible tubes are available. Where conditions are such that 
there is a possibility of the glass face becoming broken (as in mine 
and quarry applications) it is advisable to install gauges with a 
suitable strong wire grill protective cover. Gauges intended for 
use with ammonia should be made entirely of steel or iron, or the 
external parts, if made of brass, should be nickel-plated. 

The presence of even the slightest trace of oil in a gauge intended 
for use on vessels containing oxygen or hydrogen may result in a 
highly dangerous explosive mixture being formed, and manu¬ 
facturers of such gauges exercise every care during manufacture 
to remove any trace of oil which may be present as a relic from 

manufacturing operations. 


Clause 46 of B.S. 759: 195° states— 

For pressures up to and including 500 lb/in . 2 pressure gauge dials 
shall be graduated in lb/in 2 from zero to twice the pressure , as nearly as 
may be practicable . 

For pressures exceeding 500 lb/in . 2 the range of graduation shall be 
from zero to one-and-a-half times the design pressure , as nearly as may 
be practicable , but in no case shall the maximum graduation on the gauge 
be less than 1,000 lb/in . 2 


The scale on the dial shall be clearly and permanently marked “ lb/in 2 ” 

The dial of each pressure gauge shall have marked upon it in red as 
shown in Fig. 2 * the following — 

(a) The boiler operating pressure {A) 

(b) The maximum permissible working pressure f ( B) 


* Fig. 2 of the Specification, but see also Fig. 11.10 overleaf, 
t This mark in a distinctive colour is required by the Factories Act, 1937 
and 1948. 
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(c) When the gauge is compensated for a head of water between the 
gauge and the boiler connexion , the amount of such compensation shall be 
marked on the dial. 

The travel of the pointer of dial gauges shall not exceed 32 5 0 and a 
single stop pin shall be provided at the zero position . 


RED LINE AT 
BOILER OPERATING 
PRESSURE 
A 


O EXCEE D 


^5 


REO LINE AT MAX. 
PERMISSIBLE WORKING 
PRESSURE 

B 


as 






400 


150 


LRS NAMt 


450 


50 


LB PER SQ. IN. 


STOP PIN AT ZERO 
POSITION ONLY 


Fig. 11.10. Boiler Pressure Gauge—Dial Markings 


Pressure gauges shall be calibrated within an accuracy of ± 1 per cent 
of the working pressure. 

Boiler pressure gauges shall be not less than 6 in. in diameter. 

The foregoing requirements are complied with in the typical 

dial gauge shown in Fig. 11.10 which will be self-explanatory. It 

is important that the working pressure mark should be situated 

somewhere near the “top dead centre” of the dial. 

Clause 47 states— ^ - 

For fixed boilers or unfired pressure vessels the Bourdon type of pressure 

gauge is recommended. 

Clause 48 states— ... , , , 

All pressure gauges shall be fitted with a siphon pipe and a cock or valve 

integral with, or adjacent to, the gauge in such a manner that the gauge may 

be shut off and removed while the boiler is under steam. 

It is recommended that the inspector’s test gauge connexion shall not form 

part of Ouse fittings. 









FLANGE TO BOtte* 



Fio. ii.ii. Asbestos-packed Siphon with Inspector’s Connexion 
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Fig. 11.11 depicts a typical asbestos-packed siphon in which the 
shut-off cock A is integral with the fitting itself. It is also complete 
with an inspector’s connexion B, tapped and plugged J-in. B.S.W. 
thread whereby the inspector may attach a master test gauge to 
the siphon by means of the right- and left-handed gauge coupling 



Fig. 11.12 


nut C, although, as stated, it is recommended that a separate 

connexion be provided for the purpose. . r 

The function of a siphon is to trap a small quantity of water 

between the boiler and the pressure gauge in order that die Bourdon 

tube is not in direct contact with the steam. Thus it will be seen that 

steam will condense in the bulbous part of the fitting shown at D, 
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into which dips a tube E leading to the gauge. Since the cock A is 
fitted between the pressure gauge and the boiler, it may be closed 
and the gauge removed or replaced whilst the boiler is under steam. 


Clause 49 states— . . 

The handles of all gauge cocks shall be parallel to the pipes in which they 

are located when the cocks are open. 


Fig. ii.i3. Inspector’s Asbestos-packed 

Test-gauge Cock 


Fig. 11.14 




Fig. 11.12 shows a simpler form known as a “U” siphon, con¬ 
sisting of a wrought-iron tube F and a ground-plug gauge cock G 
to the upper end of which is attached the pressure gauge. It will 
be noted that the handle is in line with the siphon pipe when the 
cock is open to the gauge, as recommended. 
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Clause 50 states— 

Every boiler shall be fitted with a valve or cock carrying , in a vertical 
position , a connexion for the attachment of the inspector's gauge . This 
connexion shall be tapped § in. Whitworth thread in accordance with B.S. 84 
Table 5, medium fit, and shall be fitted with an easily removable sealing plug. 
A suitable design of cock complying with the foregoing requirements 
is shown in Fig. 11.13. 

The inspector’s connexion shown plugged with a hexagon-headed 
plug, is denoted at H and the lower tapped connexion J is for 
connexion to a “U” or scroll-type wrought-iron siphon pipe as a 
precaution against live steam entering the Bourdon tube of the 
inspector’s test gauge. The cock shown is of the asbestos-packed 
type. 

Where it is desirable to mount such a cock on the columns 
carrying the water gauges, this may be modified as shown in Fig. 
11.14 where A* is a dip pipe projecting well below the normal 
water level and serving the purpose of the siphon pipe in Fig. 11.11. 



CHAPTER 12 


hydraulic stop valves 


The conventional design of a screw-down stop valve is unsuited to 
the requirements of high-pressure hydraulic applications (wherein 
pressures are more often referred to in terms of tons—rather than 
pounds—per square inch) chiefly on account of their relatively 
Targe surfaces subjected to pressure and the essentially heavier 

SC ^ons^quentiy, 0 valves destined for the control of these higher 
pressures present a “massed-up” appearance due to the necessity 
Tf keeping the internal surfaces as small as possible, and to other 
reasons, and the resulting valve bears but slight resemblance to the 

common stop valve as ordinarily encountered. 

The enhanced chest thickness required to cater for the high 
working pressure is in itself sufficient to occasion some unmistakable 
change in the outward appearance of such a valve, but this is not 
all. The mode of securing fluid-tightness of the pipe connexions 
to the valve is one not to be lightly dismissed or accomplished by 
ordinary means. Screwed connexions (although sometimes a 
success if taper threads are employed) are not to be advocated; 
flanged joints are to be preferred, but the circular flange would 
become cumbersome and therefore wasteful of metal. Instead, it 
is customary to employ oval flanges of the two-bolt type, with faucet 
connexions for restricting the area under pressure to an annulus 
in which an effective seal is effected by means of a copper grummet 
trapped therein. Fig. 12.1, depicting a f-in. hydraulic stop valve, 
embodies flanges of this type which are adapted to match up with 
the flanges given in B.S. 778: 1938* appropriate to the working 

pressure which, in the valve chosen by way of illustration, is 1,000 

lb/in. 2 maximum. 

Another aspect which must receive consideration is that of 
obtaining a sufficiently high mechanical advantage in the handwheel 
and screw-actuating mechanism in order that the valve may be 
easily manipulated at the stated pressure without resort to any 
external aids such as crowbars, wheelspanners and similar con¬ 
trivances often employed to make good the deficiencies of the 
designer. This practically rules out the square and Acme threads 

* Steel Flanged Joints for Hydraulic Pipe Lines for Pressures up to 4,500 lb/in. 2 
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whose relatively coarse pitches will not permit of a low lead angle 
so essential to the attainment of a high mechanical advantage. Instead, 
Vee threads, preferably of Whitworth form are to be advocated as 
the only logical alternative and, provided there is adequate length 



Fio. ia.i. 1 -in. Hydraulic Stop Valve (Working Pressure— 

1,000 lb/in.*) 


of thread engagement, no fears may be entertained regarding their 
stripping propensities or premature failure due to wear. 

This aspect of design will receive further consideration later in 

the present Chapter. 

Unlike the steam stop valve, for example, wherein leakage of the 
working fluid from within the chest via the spindle clearance is 
prevented by a stuffing box and gland, resort may be made in the 
case of hydraulic stop valves to the more compact and simple 
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hydraulic stop valves 

Ampnt nf “hat” or “U” leather (or Bramah ring, as the latter 
SS? Adter.nc* i tauter i. «. taper.uv^ 

rings of pliable synthetic moulded compounds may be substituted 
anfpossess the added advantage of being available in avanctyof 
accurately moulded sizes, an attribute not always associated with 
their counterparts fabricated wholly from leather. 



Fig. 12.2 


The high mechanical advantage necessitated in a valve of the 
high-pressure hydraulic type demands an increase in the number 
of revolutions to be imparted to the handwheel for a given valve 
lift. This is rarely a disadvantage since the travel (or lift) of the 
valve member in a screw-down stop valve, in the smaller sizes, is 
of a very small order (a lift of one-quarter the seating diameter 
providing an edge area equal to the area of the seating itself). 

Consider the forces which are brought into play in the typical 
design portrayed in Fig. 12.1. “Non-shock” conditions of operation 
will be assumed. It will be noted that the valve is of simple design, 
the nose of the spindle serving as the valve member. 

When the valve is in the open position the spindle will be sub¬ 
jected to an upwardly directed axial force of a magnitude determined 
by the product of its cross-sectional area (at the point where it 
passes through the packing) and the intensity of the fluid pressure. 
Denoting this force by F a 

F a = -d*p . . . Eq. 12.1 

4 

where d 0 is the diameter of the spindle where it passes through the 
packing. 



300 


THE DESIGN OF VALVES AND FITTINGS 


This is not the only force to be resisted in the process of closing 
down the valve. Positive closure can be secured only when the 
intensity of clamping pressure is sufficient to prevent leakage across 
these faces. Experience indicates that an intensity of pressure u of 
i \p in the case of ground-in surfaces is generally sufficient to effect 
fluid-tightness in the case of water or oil. The additional axial force 
to be imparted by the spindle to secure closure-tightness at the 
seatings will be denoted by P a . 

bevelled at 45 0 as 
shown elementally in Fig. 12.2 and in which this closure force P a 
and its components are represented. 

Denoting the area of the seating face by a 8 and its slant width 
by w 


The seatings of hydraulic valves are usually 



(approx.) 


. Eq. 12.2 


whence total normal force, R n (Fig. 12.2), to prevent leakage across 
the faces will be given by 


R„ = 7 TUW 


Substituting for u 


R 


n 


( rf ° T rf * ) ( a pp r ° x -) 

1 \npw ^ rf * ) (approx.) 
2-36 pw{d 0 + d,) 


. Eq. 12.3 


The width w , and consequendy the diameter d 0 are best assumed 
in the first instance and subsequendy checked in accordance with 
the rules later established. 

This force R n would be the total normal force acdng on the seating 
edge if frictional resistance between the seating members was 
ignored, but taking friction into account the resultant force R will 
be deflected from the normal line of action of R n (Fig. 12.2) by 
an amount determined by the angle of friction <f> where tan <l> = fi, 
the coefficient of friction for the seating materials in contact. Thus, 
the required axial force P a will be greater than would otherwise 
obtain if the effects of friction were ignored entirely. This will be 
apparent from the force diagram in Fig. 12.2. 

From Fig. 12.2 

P a = R sin (45 0 + <£) . • • Eq. 12.4 

whence, by substitution 

P a == 2*36 pw(d 0 + d 9 ) sin (45 0 + <j>) • Eq. 12.5 



hydraulic stop valves 3 QI 

For .11 “* a "n C0 ^ 0rf rfri‘"- 5 “<wS>“ 

ri k ,3*3or r SnSf^y'“«S <ho average value of, may 
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effectively close and W the valve against the hne pressure wu 



Fig. 12.3 


the sum of the two forces calculated from Eq. 12.1 and 12.5, or 

F t = F a + P a . . . Eq. 12.6 

There is also the resistance of the packing to be overcome and its 
magnitude is open to some amount of speculation in the absence of 
precise information on the behaviour of leather packings under 

pressure. This aspect will be dealt with later. 

It is desirable at this stage to determine intensity of clamping 
pressure u at the seating faces in order to establish whether this lies 
within the safe limits for the particular materials selected for these 
items. It will be appreciated that the full axial force could be 
imparted to the seating faces if the valve was closed down tightly 
with no pressure in the line, making full use of the mechanical 

* The two values for fi are for dry surfaces and may be somewhat less in practice 
due to the lubricating effect of the working fluid. 
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advantage presented by the handwheel and screw mechanism, and 
this is the condition which has to be catered for. 

Since hydraulic valves usually operate under atmospheric 
temperature the following values of u may be adopted— 

8,000 lb/in. 2 for gunmetal, 

12,000 lb/in. 2 for phosphor-bronze, and 

4,000 lb/in. 2 for cast iron 

(although seatings in this latter material are infrequently 
encountered). 

Checking for u , the maximum safe intensity of contact pressure 



where R n is the total clamping force acting normal to the seating 
faces and a t is the area of the seating faces in contact. 


Now 


whence 



F t 


sin 45 


(see Fig. 12.2) 



^t 

sin 4c; 0 

(d 0 + d 8 \ 

™rr-) 


*Ft 

7 rw{d 0 + d,) sin 45 0 


. Eq. 12.7 


From the result obtained it may readily be established whether 
the width w of the seating faces in actual contact was wisely chosen. 

Now consider the effect of gland resistance and its impact upon 
the forces required effectively to close the valve. Referring to 
Fig. 12.3 depicting an element of the gland, etc., it will be seen that 
the “U” leather will tend to spread under the influence of the line 
pressure, creating an encircling grip upon the spindle, and thereby 
resisting its rotation and axial displacement. 

The effect of the line pressure is to deflect the walls of the “U” 
leather radially outwards and inwards against the cavity wall and 
the spindle respectively, and also upwards against the top support. 
It is this action which provides an effective seal against the egress 
of the working fluid. 

We are only concerned with the inwardly acting radial force on 
the spindle since the accompanying outward and upward forces do 
not impede the rotation of this member. 



hydraulic stop valves 3°3 

Since the pressure acts upon the leather packing with equal 
intensity both radially outwards and inwards, and the outer surface 
in contact with the cavity wall being of greater area than that of 
the surface in contact with the spindle, there is no tendency for the 
nacking to rotate within its housing. The spindle, therefore, rotates 
within the packing without causing the “U” leather to rotate. 

“XJ” leather must possess sufficient flexibility to enable it to 

embrace the spindle under the influence of the pressure but at the 
same time it must be sufficiently stiff to prevent it from dragging or 
distorting. Their manufacture is a specialist job and they should be 
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Fig. 12.4 


purchased from firms skilled in this work. Fig. 12.4 gives an illus¬ 
trated list of the sizes in more common use to aid selection, whilst 
Fig. 12.5 depicts a more scientific application of the “U” leather, 
or Bramah ring, the well-known S.E.A. ring manufactured by 
Messrs. Ronald Trist & Co. Ltd., Slough, Bucks. This is made in 
various synthetic materials, excluding leather, suitable for widely- 
varying applications. The neat manner in which adjacent rings 
nest on one another should be noted. This particular form of 
packing represents about the closest approach to a frictionless 

packing that it is possible to devise.) 

It will be apparent that the point of maximum flexure in the 
“U” leather will be at the “toe” with a minimum of flexure at the 
“heel.” There is every justification, therefore, for assuming that 
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the gnp of the inner wall of the packing upon the spindle will be of 
varying intensity, being a maximum at the extreme edge of the toe 
and diminishing to zero at the point 0 where it ceases to make 
contact with the spindle. These conditions are illustrated graphically 
by the triangular diagram on the right of Fig. 12.3 where the base 



Fig. 12.5. S.E.A. Ring Packing 


represents to some scale the line pressure p. It does not follow that 
the pressure distribution strictly obeys a straight line law such as 
would be represented by the triangle shown, but in the absence of 
precise experimental evidence to the contrary, such a supposition 
is reasonably valid. 

Now length of contact surface is d e — ^ and area of contact 

surface is 1rd 0 ^d c — ~ 

where d e = the total depth of the cup leather 
and t e = its total width of section (see Fig. 12.3) 

The average pressure on this surface will be £ lb/in. 2 ; then total 
pressure of embrace B will be given by 



_I 


P j M 
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The axial force P b required to overcome the resistance of the 
packing will be given by 

= - -) • • E q - l2 - 8 

and the moment of friction M b by 

M b = 7 rd of i ^ (d e - .-f 

= ^ d oPP {*. - J) • • Eq. 12.9 

The coefficient of friction fx for wet leather in contact with 
gunmetal or phosphor-bronze may be taken as 0*15. 

The value of the axial force P b obtained from Eq. 12.8 will require 
to be added to the two values F a (Eq. 12.1) and P a (Eq. 12.4), 
hence total axial force F T to overcome all resistances will be given by 


F t = F a + P a + Pb • • 12,10 


Torque Required to Close Valve Against All Resistances 

We have seen in Chapter 4 that the mechanical advantage of any 
mechanism is obtained by dividing the force obtained by the effort 
applied , also the velocity ratio is obtained by dividing the distance 
through which the effort is applied by the distance through which the resulting 
force acts. The ratio of the mechanical advantage to the velocity ratio 
is a measure of the efficiency of the arrangement. 


Applying these definitions to the case of the hydraulic stop valve 


Mechanical Advantage, M a 



. Eq. 12.11 


where T t is the total torque required to close the valve against all 
resistances, and 


Velocity Ratio, V r = 


277T 

77 


. Eq. 12.12 


where r is the effective radius of the handwheel and p t is the pitch 
of the screw thread on the actuating spindle. Also 
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Efficiency, rj = 

M a 

' K 


= 

_ 

T t ‘ 27 r r 



F T p t 



27 rT T r 

Whence 

F t = 

277 TjtffJ 

Pt 

or 

T t - 

II 


27771 / 


. Eq. 12.13 


. Eq. 12.14 


. Eq. 12.15 

If *7 is expressed as a percentage, then Eq. 12.15 will be written 

100 F T p t 


T 


27rr»j(%) 


. Eq. 12.15 (a) 


The efficiency rj with which we are concerned is, of course, that 
of the screw thread. 

A fairly high velocity ratio is required in the case of high-pressure 
hydraulic stop valves and for this reason Vee threads are almost 
universally employed on the actuating spindle since the pitch may 
be kept conveniently small. Having decided upon a suitable 
pitch p t and outside diameter d t of the spindle threads, the efficiency 
rj may be either calculated or read off the appropriate curve in 
Fig. 4.7 (Chapter 4) when once the pitch or lead angle a has been 
determined from the relation 


tan a 


pitch (or lead) 


77 X mean diameter of threads 


or a 


tan 


-1 


Pt 


ir{d t 


0-64 p t ) 

rd Whitworth 


Having determined the total torque T t the effective diameter of 
the handwheel may be determined if the net tangentially applied 
manual effort P m is assumed. The value for P m for this class of valve 
which requires to be frequently operated should not exceed 40 lb. 

Denoting the effective diameter of the handwheel by D e 
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. n = S Jr . . . Eq. 12.17 

whence « p 

Cover Flange Details 

Despite the sealing effect of the “U” leather it is advisable to 
provide a sound joint between the mating cover flanges and this 
is best accomplished by means of a raised and ground annulus and 
spigot (as depicted in the design shown in Fig. 12.1), this serving 
the additional purpose of aligning the spindle and cover plate. 

The maximum force to which the studs and the cover plate could 
be subjected would be the combined force due to the pressure 
upthrust on the leather and the axial thrust of the spindle. 

If d (Fig. 12.3) is the outside diameter of the gland cavity, then 
the total upthrust F u on the gland plate due to pressure acting on 
the leather, neglecting wall friction, will be given by 


F u = j P(d g 2 —d 0 2 ) . . • Eq. 12.18 

4 

and the maximum possible upthrust F m to be resisted by the holding- 
down studs will be 

F m = F, + F u . • • Eq. 12.19 

and the force F D to be resisted by one holding-down stud 



F t + K 

n 


. Eq. 12.20 


The direct stress/*, 
then be 


reckoned on the core area a e of the stud, will 



. Eq. 12.21 


Now there will be an additional shear stress induced in the stud 
due to the torque imparted in the process of tightening down the 
nut, the extent of such stress being dependent upon the force applied 
and the frictional properties of the stud and nut materials. 

These two stresses may be resolved into one principal stress f v 


such that 



Eq. 12.22 


where/* = direct tensile stress due solely to the axial load on the 

bolt or stud 


11—(T.710) 
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anc * f 8 = the shear stress due to tightening the nut. 

The determination ofy^ is beset with much uncertainty since it 
is bound up in the correct determination of //, the coefficient of 
friction. It is more convenient, therefore, to express/^, the principal 
stress as some function of f v i.e. f v = kf v where k = a constant. 



COEFFICIENT OF FRICTION /J. 


Fig. 12.6. Correction Factors for Computing the Principal Stresses 

induced in Holding-down Bolts 


Values of k for varying sizes of bolts and for varying values of n 
have been embodied in the graph shown in Fig. 12.6. It follows, 
therefore, that 

/„ = */, 



. Eq. 12.23 


from which 




. Eq. 12.24 


Some “trial-and-error” exploratory calculations will be required 
since the selected value of k is dependent upon the size of bolt or 
stud ultimately adopted. For mild steel bolts or studs, of good 
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circles that they are more prone to stripping is unjustifiable 
light of experience gained in their use. 

Table 12 i gives comparative values of the core area of B.S.W. 
and B.S.F. bolts together with the percentage increased area of the 

latter compared with the former. 

Table 12.1. Comparison of Core Areas of B.S.W. and B.S.F. 

Bolts or Studs __ 


Core Area 


Nominal Diameter 

B.S.W. 

B.S.F. 

in. 

in.* 

in.* 

| 

0068 

0-0760 

* 

0-094 

01054 

i 

0-121 

0-1385 

* 

0-163 

0-1828 

f 

0-204 

0-2235 

i 

0-304 

0-3250 

t 

0-422 

0-4520 

I 

o *554 

0*5971 

if 

0-697 

0*7585 

i* 

0-894 

0-9637 

if 

1*058 

i*i 592 

if 

1*299 

1*4100 


Percentage Increase in Core Area 

/B.S.F.- B.S.W. \ 

” 100 [ B.S.W. / 


percentage 

ii*75 
11*86 

H*45 

12*17 

9*57 

6- 6i 

7*10 

7- 80 
6*82 
7*81 
9*56 
6*55 


It will be noticed that the increase is obligingly more pronounced 
in the smaller range of sizes where the core area is of a very small 

order. 

Now consider the design of the cover plate. Since the actuating 
spindle is in screwed engagement with this member, the axial thrust 
of the spindle will be transmitted to the centre of the plate and 
resisted by the holding-down bolts, of which there are four in the 
example illustrated (Fig. 12.1). 

Additionally the plate will be subjected to an additional upward 
force occasioned by the fluid pressure acting on the “U” leather. 
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The cover plate might fail by fracturing along the wavy lines ab 

and cd, shown in Fig. 12.7. Alternatively, it might fail across some 

such plane as ef, gh , or km. All these possibilities will be investigated 
in turn. 

Dealing with the planes ab, cd, the maximum bending moment 
induced by the various forces acting on the plate may be calculated 



Fig. 12.7 


by treating it as a loaded beam. It is advisable first to assume a 
thickness t v and to establish the dimensions of the central boss, 
and then to determine the maximum stress induced. This is by far 
the simplest method of approach to the problem. 

Consider only the top half shown in the inverted plan view in 
Fig. 12.7. The bending moment at the plane ab, cd, will be the 
algebraic sum of the moments acting on the half plate. 

The upward thrust F T of the spindle may be regarded as a 
distributed load transmitted to the plate along the perimeter of the 
circular screwed hole, and since only one-half of the plate is under 
consideration the force acting on the semicircular opening will be 



3 11 
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i i 4. F t TVip effect of this would be the 
one half the total upthrust, or —. The ettec 

, — Zr 


d Z ‘‘^Me P a\hr C rnafb! 

^JjSSL annV 

distant c a from 0 . In this case it can be shown that 


0*2122 




Having established the values of e, and r a , the bending moment 
Mad at the plane ab, cd may then be determined from the equation 

. Eq. 12.25 


M 


F t c 


1 + F -^ - 2 F 


D u 3 


The result will be negative in sign but this should occasion no 
disquiet since it indicates that the upper face of the holding-down 
pir t the msion side, « would be expeeted. In the subsequeh. 
calculations for determining the stress in the outermost laminae, 
the negative sign should be disregarded since it only serves to 
indicate the nature of the bending moment, mde the beam 

theory, namely ___ 

— 

Similarly, the bending moment M eh at the diagonal plane ef, 
gh will be given by 


M 


eh 


F t c i . F v c 2, p j 
—:- 1 -- p n c 3 


. Eq. 12.26 


(Note that in the last term the 2 is absent in this case since only 

one stud produces any bending action.) . 

In this case c x ' and c 2 ' have the same values as c x and c 2 in tne 
previous equation since their positions relative to 0 are the same 
excepting that they have now moved through an angle ol 45 . 
But cJ will be somewhat greater than c z since this distance represents 
half the diagonal centres of the studs instead of half the transverse 

centres, as in the previous example. . . . 

The next and last case to be considered is that wherein it is 

supposed the plate may fracture along the plane km. 
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Here the bending moment will be given by 

M km ~ ~ Fd c i • • • Eq. 12.27 

where again the negative sign indicates the nature of the bending 
action. 

Each plane considered involves the separate determination of the 
Moment of Inertia (or better termed the second moment of area) of the 
section at the particular plane considered, in order that the stress 
may be determined from the fundamental relation 



where f = the stress induced 
M = the bending moment 

y = the distance of the remote fibres from the neutral axis 
and I = the moment of inertia (or second moment of area). 


To simplify the determination of the position of the neutral axis 
NA and the moment of inertia, it is advisable to construct the 
“massed up” figure shown to the left of the sectional elevation 
(Fig. 12.7). This, as will be seen from the illustration is simply a 
repetition of the true section shown alongside, a “squeezed-up” 
view, as it were, omitting the central hole. A similar “massed-up” 
section could be constructed for the section alongside ef gh . This 
expedient is permissible provided each particle remains the same 
perpendicular distance from any arbitrary horizontal datum. 

The moment of inertia of the “massed-up” figure may then be 
determined in the usual manner, that is by splitting it up into 
rectangular areas (as indicated by chain lines) and their several / 
values about the neutral axis totalled up. The upper portion 
containing the “hump” may present a little more difficulty than the 
lower portion but some amount of close approximation is justified in 
the knowledge that the final evaluation of the stress will be an 
average value for the section and at best only approximate. 

Thus the tensile stress (in the upper laminae) will be given by 



. Eq. 12.28 


where y x = the perpendicular distance from NA to the tension side, 
and the compressive stress by 



/ 


. Eq. 12.29 
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where y e = the perpendicular distance from NA to the compression 

Sld M in each case is the appropriate bending moI " ent ' the 

Generally speaking we are chie y y shou id not 

^norSi^anf fS gunmetal 2,800 to 6,000 lb,in* 
depending upon the quality employed. 



Fig. 12.8 

The stresses induced in the oval connecting flanges (or pipe 
flanges) may be determined in a similar manner to the foregoing. 

Referring to Fig. 12.8 depicting a half detail of the flange 
point at which fracture would be most likely to occur is alon S 
line Im, that is, coincidental with the termination of the fillet 

radius joining the flange to the neck of the body. 

We are spared the necessity of calculating the size of the joint 

bolts from considerations of the stresses imposed, since these are 
determined appropriately from the B.S. specification P^viously 
referred to.* The force tending to separate the flanges will be that 
due to the line pressure acting on an area bounded by the copper 
grummet. The extent of this area is open to speculation but if the 
worst case is assumed—that is, when the joint is just on the point 
of leaking—the area subjected to pressure will be bounded by the 

outside diameter of the grummet, denoted by g. 

If the total force acting on the grummet, and tending to separate 

the flanges, be denoted by T e , then 

't- / \ 7r ^ 2 

T e (max) = — 

♦A later British Standard Specification (B.S. 778:1951, Steel Pipes Flanged 
Joints for Hydraulic Purposes) gives dimensional details of oval and rectangular 
ttvo-bolted pipe flanges, joint rings and bolts, and of circular four- and six-bolte 
pipe flanges, all for design pressures up to 4,500 lb/m . 
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Since the mating flanges are not intended to butt (or they would 
defeat the object of restricting the clamping effort to the grummet) 
the load in each bolt T h will be 



7 T 

— Q k Pg • • . Eq. 12.30 

where A: is a correction factor taking tightening-up stresses into 
account and derived from the graph shown in Fig. 12.6. 

The bending moment at the plane Im will be 

M lm = T b e 

= \ k Peg 2 

where e equals the perpendicular distance from the bolt centre to 
the plane under consideration (Fig. 12.8). 

It follows, therefore, from the relation 

Mlm =fZ 

= /• 




12 


that 




i -5 tt kpeg 

f w o 



. Eq. 12.31 


Determination of Chest Thickness 


This is best obtained by Lam6’s formula, given below, since the 
chest of a hydraulic valve most certainly qualifies as a “thick” 
cylinder. 



. Eq. 12.32 


where t e = chest thickness 

d = inside diameter of chest 
p = working pressure 

and f = maximum allowable working stress of material of 

valve, say, 3,000 lb/in. 2 for cast iron of good quality, 
2,800 to 6,000 lb/in. 2 for gunmetal, depending upon 
composition, 11,000 lb/in. 2 for steel castings, and 
13,000 lb/in. 2 for non-alloy steel forgings. 
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The varying diameters of the passageways wouid appear to 
warrant a corresponding variation in the c est desirable to adopt 

JS Z, occasioned around .he smaller passageway, u • ««e 


investment. 



CHAPTER 13 

WEDGE-GATE SLUICE VALVES 


The first prehistoric man to realize the virtue of the wedge as an 
aid to the splitting of logs, boulders, and such like, either as a chisel 
to be driven by repeated blows or used to better advantage in 
conjunction with a shaft to form a hatchet, was ahead of his time 
and was probably regarded by other members of the tribe as a 
genius to be revered and respected, or possibly one to be kept at a 
safe distance, depending upon his humour. 

Thomas Ewbank in his book Hydraulics and other Machines for 
Raising Water , published in 1847, states (Book III, Chapter 3, 
p. 268)— 

It has frequently been remarked that little dependence can be placed 
on ancient writers as regards the authors of the useful machines. Generally 
those who introduced them from abroad , who improved them , increased 
their effects , or extended their application , were reputed their inventors . . . . 
'Thus, the sails and masts of ships , the wedge , auger , axe and level were 
known before Daedalus .* 

Like all other discoveries, simple or involved, the idea came first; 
the scientific principle very much later. Thus it is scarcely con¬ 
ceivable, for example, that the Romans, in employing the keystone 
—another wedge—in arches to which they gave their name for 
all time were probably unable to dilate upon the mechanics of such 
an arrangement; nevertheless, they hit on the fundamental idea 
and were right first time and for all time. 

The wedge has been adapted in a variety of ways to meet man’s 
particular requirements, the knife, the hatchet, the chisel, and the 
needle are all simple adaptations of the one basic idea, and life 
would be rendered more difficult without these simple aids in one 
form or another. 

Principle of the Wedge 

To students of mechanics no explanation for the universal 
popularity of the wedge in one form or another will be necessary, 
but there may be some who would find it difficult to advance any 

* Daedalus. A celebrated Greek architect and sculptor, who is said to have 
flourished at Athens in the tenth century b.c. and to have been the inventor of 
many useful instruments, namely the axe, the saw, the plummet, the auger, etc. 
There was also another Daedalus of less note, a sculptor. 
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• pntific explanation as to why the wedge behaves as it does. There 
L every justification, therefore, for this introductory preamb e, the 
reasonfor which will be more apparent in that which follow . 

Consider the two widely varying wedges shown in Fig. lj-i, 
example at (a) presenting an obtuse angle and the one at (b) an 

acute angle at the “cutting edge. . . 

The superiority of the example ( b ) as an efficient cutting 

splitting tool cannot be disputed. 


F 


F 





Suppose a force F is imparted to the head of each wedge as above. 
This force F (neglecting friction for the moment) will be translated 
into two lateral forces L and L' normal to the widened flanks of the 
wedge, as shown in the triangle of forces under each wedge diagram 
the value of F being assumed the same in both cases for the sake of 
comparison. The superiority of the slow wedge in Fig. 13.1 ( b ) 
will be all the more apparent from a study of these two diagrams, 
illustrating in an unmistakable manner why a knife will cut, and 
a needle pierce, with a relatively small application of axial force ( F ). 

It is a far cry from the discovery of the application of the primitive 
wedge to that of its adaptation to purposes of fluid control in the 
case of wedge-gate sluice valves, in which use is made of the wedging 
effect of a tapered plug or gate , an illustration of which is given in 
Fig. j3.2, to interrupt the flow and at the same time to make an 
effective seal at the valve facings. What a simple idea and yet 
how effective ? Yet it has its disadvantages, as will be shown. 
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■hs x &He 

f asluke valve is governed, therefore, by the foregoing considerations 
Effective ctoe must be secured with a minimum expenditure of 
manual effort applied through the agency of the handwheel and 
w mechanism or by lever, or reduction gearing, whichever 
the* 5 preferred mode o/operation, yet the outward, or bursting, 
r e P must be kept within reasonable hmits or splitting of the body 
^ outcome. Instances of sluice valve bodies which have 

St along their vertical axes in a plane at right angles to the pipe 
£1™ “ne, -uggesting an inadequacy of strength at the plane of 

01 WhiS rh“eLTSo^h“»pu« with reasonable accuracy 

the force lending to split the body in a valve of this type (from a 

knowledge of the force applied, the mechanical efficiency of the 

screw frictional resistance, etc.) the accompanying stresses an 

the manner in which these are distributed across the plane of 

cleavage are not so readily determinable. 

It would appear, though, from an examination of failures of this 

nature that the greatest intensity of stress is in the vicinity of the 
pipe thoroughfares. 

Forces Acting on Gate 

Consider the forces which are brought into play in a valve ol 
this type with reference to the diagrammatic arrangement of body 
and gate shown at (a) in Fig. 13-3 where, for the sake of easier 
understanding the included angle of the wedge, 0, has been grossly 
exaggerated and all refinements such as seating rings omitted. 

The gate will be subjected to a force H acting in a chrection 
co-axial with the centre line of the pipe thoroughfares, under the 
influence of the line pressure p acting on the unbalanced area ot 
the valve seating, and tending to urge the gate on to the down¬ 
stream face, and a vertically downward force P x applied through 
the agency of the actuating spindle and tending to force the gate 
into position against the frictional resistance of the downstream 
faces which are subjected to the force H. The upstream faces have 

not yet made contact. . 

These forces and their reactions are shown graphically at { 0 ) 

from which it follows that 

P x ' = H tan 



. Eq. I3- 1 
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and therefore P 1 = /y 

= \ ^ tan (f + i) • • Eq. 13.2 

Apart from the necessity of overcoming other resistances, which 
will receive consideration at a later stage, the force P 1 required to 





Fio. 13.3. Forces acting on Gate 

overcome the force of the line pressure and the frictional resistance 
of the downstream faces would suffice in most cases to effect closure- 
tightness of the valve, the upstream faces not necessarily requiring 
to present a dead-tight seal. 
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DesDite the choice of an exaggerated wedge angle 0 and for the 

clearer understanding of the principles involved, a greater proportion 

of the axial force required is absorbed in overcoming the frictional 
rL smn? at the seating faces. This will be apparent from the 
auxiliary force diagram shown at (c) wherein a wedge angle of o , 
common to certain sizes of wedge-gate sluice valves, and a friction 
angle of ii° 19' corresponding to a value of fi of 0-20 have been 

^Tbe'wedge angle diminishes as the size of valve increases or the 
required axial force would be enormous. Table 13.1 gives details of 

wedge angles recommended. 

Table 13.1. Wedge Angles: Sluice Valves 



- q> 


Size of 
Valve 
(in.) 

* 

* 

1 

2 

3 

4 

5 

6 


Wedge 

Angle 

0 


Size of 
Valve 
(in.) 


9 

8 ° 

8 ° 

8 ° 

7i 


20 

22 

24 

30 

36 

40 

48 

52 

60 

72 

84 

96 


Wedge 

Angle 

0 


7±° 

6i° 

6 £° 

6 ° 

6 ° 

5l° 

5 F 

5 i° 

5i° 

5 ° 

5° 

5° 

4i‘ 

4i‘ 

4° 


Now consider the case when the gate has taken up the position 
shown in Fig. 13.4 ( a ) where the seating faces on both sides of the 

wedge are in contact. 

If the upstream face of the wedge is required to exert a lorce 
sufficient to balance the line thrust H then conditions will be as 
indicated in the force diagram ( b ) from which it follows that 


P ' 
•*2 


H tan 


(:+♦) 


2 


. Eq. 13.3 
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Fig. 13.4. Forces acting'on Gate 


whence P 2 = P 2 = 2 H tan ^ • . • Eq. 13.4 

demonstrating that the minimum axial force required to secure 
closure-tightness of both faces is twice that required to secure closure 
tightness of one face only, as might be expected. 

The necessity of providing an additional clamping force at 
the seating faces, common to valves of the screw-down and parallel 
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lide type, in order to ensure fluid-tightness is not of major impor¬ 
tance in die case of the wedge-gate sluice valve since this is auto- 
™*t5rallv provided by the wedging effect and has been disregarded 

to Ac foregoing treatment. . . . 

It is questionable whether there is any necessity to design on 
the basis of two tight faces, although certain oil companies who 
favour the wedge-gate type of valve because of its straight-through 
flow and positive closure characteristics often insist on the provision 
of test connexions on both sides of the searings in order that their 
closure-tightness may be tested independently. 

From an examination of the scantlings of the larger sizes of most 
ordinary sluice valves it is glaringly apparent that they were never 
designed on the basis of two tight faces, if the size of the handwheel 
is any criterion. Of all the valves which are difficult to operate 

the sluice valve is generally the worst offender. 

It is recommended, however, that the axial force P 2 as determined 
from Eq. 13.4 should be adopted in the design of ordinary wedge- 
gate sluice valves, but this is not the only axial force which the 
actuating screw will be required to transmit; there will be an 
additional axial resistance to be overcome, namely that imposed 
by the line pressure p acting on the unbalanced area of that portion 
of the spindle where it passes through the stuffing box. 

Denoting this additional axial force by P 3 and the diameter of 
the spindle at the point indicated by d c , then 

P 3 = - pd c 2 .... Eq. 13.5 
4 

In the process of “running down” the gate in the initial stages 
of closure, this force P 3 is the only one to be resisted (apart from 
other minor frictional resistances) the maximum axial force not 
being occasioned until final closure is imminent. At this later 
stage the spindle will require to impart a thrust P T to the gate 
representing the combined axial forces as determined by Eq. 13.4 
and Eq. 13.5 and allowing for the frictional resistance of the gland 
packing, the extent of which is practically indeterminate since 
much depends on how tightly the gland nuts have been screwed 
down. It is suggested that an overall allowance of 5 per cent be 
made to the total value of the axial force to compensate for gland 

friction. 

Thus, combining Eq. 13.4 and Eq. 13.5, the value of the total 
axial force P T will be given by 

P T = 1 -05 (P 2 + P 3 ) 


. Eq. 13.6 
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Torque Required to Effect Closure 

This aspect of design has already been fully dealt with in 
Chapters 4, 5 and 6 and calls for no further detailed exposition. 
The various formulae therein derived will apply in the present 
case, and to prevent confusion will be briefly repeated with the 
nomenclature amended where necessary to suit that of the present 
chapter. 

Neglecting minor resistances, the total torque Q~ T required 
effectively to close the valve against the designed working pressure 
will be the sum of— 

(a) the torque required to impart an axial thrust to the actuating 
spindle sufficient to force the wedge-gate home against all resistances 
offered by the wedge-gate, 

( b ) the torque required to overcome the frictional resistance of 
the spindle collar, 

( c ) the torque required to overcome the resistance imposed by 
the stuffing box. 

Consider these in the order given and, denoting the various 
torques by Q, a , Q b and Q, c respectively, 


Q-t = da + dt, + & c ■ • Eq. 13.8 

(a) From a previous exposition on actuating screws it can be 
shown that 

_ ?TPt 

—— • • • 

27777 


a, 


Eq. 13.9 


where P T = the total axial force 

p t = pitch, or lead, of thread on actuating screw 
rj = efficiency of screw thread 


The value of rj may be either calculated by the appropriate 
formulae given in Eq. 4.11, 4.12, 4 - ! 5 > or 4 ,! ^> or ^ may be read 
direct from the appropriate curves given in Fig. 4.4, if square 
threads are adopted, as is usual, but for any other forms of thread 
the appropriate curves should be consulted. 



WEDGE-GATE SLUICE VALVES 3 2 5 

The pitch, or lead, angle a will require to be predetermined 

from the relation tan « = , where p t is the pitch, or lead, of the 

thread and d m is the mean diameter of the screw. (Attention is 
directed to that section of the present chapter headed Spindle Details 
before deciding upon the pitch of the actuating screw.) 

tb) 0 b can be determined when the maximum and minimum 
diameters of the thrust collar are established and the coefficient of 
friction of the materials in contact is known. The collar will be 
subjected to the maximum axial force P T and this will impose a 
friction moment resisting rotation (which will be equal to Q_ 6 ). 

It can be shown that the torque required to overcome the 

moment of friction is given by 

= \P p t (^7”') Eq. .3-10 


where D c and d c are the maximum and minimum diameters of the 
thrust collar, respectively, and these dimensions will be to some 
extent dependent upon other factors, chief of which is that of 
designing the upper portion of the spindle (if the design follows 
that depicted in Fig. 13.2) so as to be fully capable of resisting the 
torsional stresses imposed in the process of closing the valve. Having 
complied with this requirement and established the value of d c , the 
maximum diameter D c may be determined from considerations 
of the minimum permissible area of the thrust annulus which may 


be adopted, or 



. Eq. 13.11 


where p s is the permissible intensity of pressure between the bearing 
surfaces, and which may have a value varying from 300 to 1,000 
lb/in. 2 for gunmetal on cast iron, as is the usual combination in this 
type of valve. Smaller values may be adopted in the smaller valves 
or those more frequendy operated. 

(r) The value of Q c , the torque required to overcome the frictional 
moment of resistance imposed by the gland packing, is practically 
indeterminate for reasons already stated. It is possible for an 
unscrupulous person to tighten the gland nuts to such an extent as 
to prevent the spindle from being rotated without recourse to means 
other than that provided by the handwheel. In consequence, it is 
suggested that the calculated net torque be increased by 5 per cent 
to cater for the frictional resistance of the packing. Thus, combining 
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the results obtained from (a), ( b ) and ( c ), the fotaZ torque Q, r 
required effectively to close the valve may be determined from 

Q~t = I>0 5 (da + db) • • . Eq. 13.12 


or 


Q t = 1*05 


PTPt 

2777 / 


+ 


W- 


+ d, 




2 

A,+ 4 




Eq. 13.13 


Denoting the effective diameter of the handwheel by D w and the 
tangential effort to be applied to the rim by T 

_ 2 &r 
T 

Example 


D 


\D 


Eq.i3.i4 


A wedge-gate sluice valve of 3-in. bore is required for a working pressure 
of 100 lb/in. 2 Taking the included angle of the wedge-gate as 12 0 , the 
diameter of the top and screwed portions of the actuating spindle as in., 
the pitch of the threads as | in. and the outside diameter of the thrusl 
collar as 1$ in., determine the maximum axial force, the maximum torque 
and the diameter of handwheel required to close the valve effectively, 
neglecting secondary resistances. 


Solution 

Take /t = 0*24 for gunmetal seating faces, then 

Friction angle <j> = tan -1 fi 

= tan -1 0-24 

whence (from trigonometrical tables) <f> = 13 0 30' 

From Eq. 13.7 

P T = 0 825 X 150 [2 X 3 2 tan (6° 30' + 13 0 30') + (i£) 2 ] 
= 967 lb 


Mean diameter of thread d m = d e —^ 

— i£ - -fc 
= it in. 

Pt 

Lead angle of thread a = tan 1 —7 


or 


tan a = 


I 


Trd, n 


7T X 

01273 


whence 


a= 7° 16' 


Taking p = 0 24 for a gunmetal spindle and nut, the efficiency rj = 0 333 
(by interpolation from the efficiency curves in Fig. 4.4), then (from 

Eq. 13 * 9 ) 

_ 967 X | 

~ 2 x 7T x 0-333 
= 173 3 to-in. 
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Also (from Eq. 13*10) 


a,= jx 024 x 967 (*) 


= 174*1 lb-in. 


and then (from Eq. 13.12) tota ^ torque 

Qr = 1-05 ( 173-3 + , 74 ' 1 ) 
= 364-77 lb-in. 


Assuming a net tangential effort at the handwheel of 80 lb, then (from 

Eq. 13-16) 

_ 2 X 364 77 

Diameter of handwheel, D* = 


= 9*12 in, 


This diameter is in close agreement with the value of 9 m. given in 
BS 1218: 1946 (Sluice Valves for Waterworks Purposes) for a Class 1 Sluice 
Valve which is required to pass a test pressure of 600 ft head of water 

(260 lb/in.*). 


Spindle Details 

Having determined the maximum axial force to be imparted by 
the actuating spindle, the essential dimensions of its lower screwed 
extremity to resist the compressive stresses imposed may be deter¬ 
mined. (It is assumed that the valve is of the type shown in Fig. 13.2 

known as the “inside-screw” pattern.) 

In assigning a value for the outside diameter of the screwed 
portion of the spindle this should take into consideration the fact 
that sluice valves are generally employed under conditions where 
infrequent operation is the rule rather than the exception and this 
is conducive to “freezing” of the actuating mechanism, inevitably 
necessitating a greater expenditure of effort to operate the valve 
than that which any calculations based on ideal conditions of 
service would appear to indicate. For this reason good practice 
favours spindles machined from rolled, extruded or forged manganese- 
bronze bar with threads of relatively coarse pitch. 

The wedge-gate sluice valve is widely employed in waterworks 
undertakings, in which service it is often installed underground, 
a position which invites corrosion and consequent stiffness of 
operation. 
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In common with the parallelslide valve (which is generically a 
gate valve) the spindle will possess all the characteristics of a 
strut subjected to an axial thrust P 2 . Sufficient information has 
already been given on this subject in Chapter 6 to enable the 
spindle to be designed on these lines, although some guidance may 

be obtained in this connexion from B.S. 
1218: 1946, Sluice Valves for Waterworks 
Purposes , wherein recommendations are 
given as to the size of spindle and pitch 
of screw to be adopted for various classes 
of sluice valves appropriate to a pres¬ 
cribed test pressure. 

This specification should be adhered 
to in this, and in all other respects, in 
the interests of standardization. 

Apropos the pitch of the screw it will 
be noted from the Specification referred 
to that a pitch of £ in. is preferred for 
the majority of valve sizes therein listed; 
f in. pitch is advocated for valves 
2 in. to 5 in. in diameter, inclusive, and 
then only for Class 1 Valves (test pressure 600 ft head). Although 
the Specification gives no data on valves exceeding 12-in. bore, 
very much larger valves of this type appear still to employ 
spindles of £-in. pitch denoting an unmistakable preference on 
the part of manufacturers for this particular pitch. Single-start 
machine-cut square—or Acme—threads are recommended. 



Fig. 13.5. Wedge Gate 


Wedge-nut 

The spindle is constrained to engage with a non-ferrous floating 
nut housed in a tee-slot formed in the upper extremity of the 
wedge-gate (see Figs. 13.2 and 13.5), the configurations of which 
are approximately square in order to prevent rotation save that 
afforded by the working clearance provided. The threads of the 
nut will be subjected to direct shear stress under the influence of 
the axial force imparted by the spindle, but here again the length 
of thread engagement may be determined in a similar manner to 
that advocated in the case of parallel slide valves previously des¬ 
cribed (Chapter 6). B.S. 1218: 1946 gives the proportions for all 
sizes of valves up to and including 12-in. diameter. The provision 
of adequate bearing surface in the threads is no less important than 
that of ensuring that the threads will safely withstand the shearing 
stress imposed. 



































33 ° THE DESIGN OF VALVES AND FITTINGS 

Wedge-gate 

To design this member from considerations of the crushing and 
other forces imposed would be a task fraught with the utmost 
complexity and the uncertainty attending the results of any mathe¬ 
matical investigation would scarcely justify the effort expended. 
One might make some attempt at an approximate analysis of the 

COUNTERBORED IN 



GATE RING ABOUT TO GATE RING IN POSITION 

BE PRESSED IN 

Fio. 13.7. Method of Securing Sluice Valve Seatings 


stress distribution in the case of the larger sizes of valves but in the 
smaller and more common sizes the necessity of moulding to a 
minimum thickness compatible with the requirements of the foundry 
will provide that degree of robustness which will dispel any doubts 
as to its ability to withstand the crushing forces imposed. 

Fig. 13.5 portrays the essential outlines of a typical wedge-gate 
as employed in the more usual sizes, whilst for economy of metal 
distribution on the larger sizes, resort may be made to ribbing, 
provided this is carried out to the best advantage. An example of 
a wedge-gate stiffened in this way will be found in the design of 
the 72-in. bore sluice valve depicted in Fig. 13.6. 
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It will be noted in Fig. 13.5 that the seating faces consist of 
separate rings securely pressed into suitably machined recesses 
formed in the gate. The mode of positively securing these rings 
against working loose is illustrated in Fig. 13.7 and will be self- 

explanatory. ' . 

The provision of renewable seating rings screwed into the body, 

as depicted in Fig. 13.8, is a doubtful refinement in the case of 



valves destined for water and low-pressure steam service but some¬ 
times favoured in the petroleum industry. In this connexion B.S. 
1414: 1949, Flanged Steel Outside-screw-and-yoke Wedge-gate Valves for 
the Petroleum Industry , features a design embodying two alternative 
types of renewable screwed-in seatings, one in which the joint is 
made at the bottom of the ring and the other depicting a seating of 
the flanged, or shouldered, type. Common practice favours pressed- 
in seatings, the renewal of which would provide something of a 
task and one unworthy of the labour expended, having regard to 
the fact that valves of this type are relatively cheap. With the 
larger valves, however, it is a different matter and pegged-in 
seating rings, capable of renewal, are often employed. 
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Design of Chests 

The procedure to be followed for determining the chest thickness 
is outlined in Chapter 15 where bodies of elliptical, or quasi¬ 
elliptical, configurations commonly favoured for sluice valves are 
considered. In any calculations to determine the chest thickness 
it should be borne in mind that the type of valve claiming attention 
is one often subjected to the effects of water-hammer, and a liberal 
distribution of metal is therefore advisable. In this connexion 
judicious ribbing of the body and cover at points where this will 
not occasion more than the normal amount of invective from the 
foundry is to be strongly recommended. Where resort is made to 
ribbing, this should be carried out in such a manner as not to invite 
porosity, and this is best accomplished by avoiding too large or too 
small a rib section, and by the inclusion of substantial fillets at the 
junction of the ribs and the chest. It is recommended that such 
ribs be of a thickness at least equal to that of the chest—or perhaps 
slightly more—but not exceeding 1J times the chest thickness. 

The cover flanges and the securing bolts may be designed in 
accordance with the recommendations outlined in Chapter 5, 
whilst the jointing material may consist of millboard, corrugated 
brass, graphited sheet asbestos or even a few turns of hemp, 
sandwiched between the flanges, depending upon the duty envisaged 
or the whim of the manufacturer. 

Stuffing Box and Gland 

This aspect of valve design has received particular mention 
in Chapter 5 and so there is no necessity to repeat in detail what 
has already been written, save, perhaps to point out that the two- 
bolt gland is much favoured in sluice valves, even for the very large 
sizes. It is to be noted that B.S. 1218: 1946 includes dimensional 
data of these items for valves ranging from 2-in. to 12-in. bore 
inclusive. In the larger sizes the design of the stuffing box and 
gland should follow the rules given in Chapter 5. 

Gear Operation 

In the case of the larger sluice valves the diameter of the hand- 
wheel required to enable the necessary torque to be imparted to 
the spindle would be prohibitive apart from considerations of its 
unpretentious appearance when viewed in relation to the other 
scantlings and, under such circumstances, it is usual to resort to 
geared operation in order to increase the mechanical advantage of the 
operating mechanism. This means an enhanced velocity ratio and in 
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consequence, a greater time required to perform the complete cycle 

of opening and closing the valve. 

As previously pointed out B.S. 1218: 1946 only deals with 

sluice valves up to and including 12-in. bore but there are innumer¬ 
able applications in both central station and waterworks practice 

where much larger valves are necessitated. 

Fig. 13-6, previously referred to, depicts a manually-operated 
wedge-gate sluice valve, 72-in. bore designed for a working pressure 
of 20 lb/in. 2 , operated through worm reduction gearing. 

It will be noted that the body and cover are of ribbed construction, 
both internally and externally, and even at the moderately low 
working pressure of 20 lb/in. 2 , the chest would require to be of 
substantially greater thickness than that depicted if ribs were 

omitted. . . 

As distinct from the design depicted in Fig. 13.3, which is of the 
inside-screw pattern, wherein the actuating screw is “washed” by 
the working fluid each time the valve is opened, the one shown in 
Fig. 13-6 is of the outside-screw pattern, the actuating screw being 
situated outside the valve chest. 

The superiority of the outside-screw pattern will be apparent, 
but this design is somewhat more costly than the inside-screw 
pattern. It will be noted in the design of the 72-in. valve depicted 
in Fig. 13.6 that the “rising spindle” construction permits of 
a relatively thinner wedge-gate and, consequently, a shorter 
body—measured over the flanges—being employed. The saving 
in metal thus occasioned is another point in favour of this mode 
of construction. 



CHAPTER 14 

EQUILIBRIUM FLOAT VALVES 

Where it is desired to maintain a practically constant level in a 
tank or similar vessel, as for example in boiler feed tanks, make-up 
tanks, etc., it is essential that this is achieved automatically rather 
than by manual operation of a stop valve situated in the supply 
line. Apart from the risk of the vessel becoming devoid of water 
(as might be occasioned by a forgetful operator) the employment 
of some form of automatic valve ensures that the water used, or lost 
by evaporation and other causes, is replenished at the same rate 
as that at which it being used, provided the valve is of the right 
size and sensitively responsive to a diminishing water level. 

Applications 

In the case of air compressors of the water-cooled type, the aim 
should be to arrange for air to be compressed isothermally (as nearly 
as is practically possible) and this is achieved to a lesser or greater 
extent by cooling it during compression, either by means of a 
water jacket enveloping the cylinder and forming an integral part 
thereof or, in special cases, by means of water sprays discharging 
into the cylinders themselves, or by a combination of both these 
methods. 

Adiabatic compression is, of course, to be avoided since this 
means increased power required to drive the machine; actually 
in practice, compression is neither wholly isothermal nor adiabatic . 
The attainment of maximum efficiency is dependent, to some 
extent, upon an adequate supply of cooling water, not only for the 
jacket or spray water but also, in some cases, for the intercooler 
required in the case of multiple-stage compressors. Such water is 
usually stored in an elevated tank, situated at a convenient height 
above the machine, although with the larger machines a cooling 
pond is often necessitated. 

In the power house, too, the condenser cooling or injection 
water system calls for an adequate reserve of make-up water and 
the consequences of a failure in this supply can be well imagined. 

Many other industrial processes demand a constant reserve 
supply of water (or of other liquids) necessitating storage in tanks 
or vessels wherein the level must be maintained reasonably 
constant and the valve best suited for obtaining this objective 
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is the equilibrium float valve, which may take up a variety of forms, 
yet remain basically the same in principle. 

A typical design of such a valve is portrayed in Fig. 14.2, and 
Fig. 14.1 shows such a valve controlling the supply of make-up 
water in an air compressor circulating water tank, complete with 
ancillary connexions. 



Fig. 14.1 


The auxiliary stop valve shown on the left of the latter illustration 
is for the purpose of prefilling the tank or for augmenting the supply 
in the event of the equilibrium float valve being unable to cope with 
the volume of water required. 

The size of valve to be adopted is governed by a variety of factors, 
chief of which is the amount of make-up water it is required to 
pass. As a rough guide, this may be taken to equal 3 per cent of 
the total amount of circulating water required, but as each installa¬ 
tion will vary as regards pressure of supply, conditions of mains, 
size of approach and so on, no hard and fast rules can be laid down 
for determining the size of valve to be installed. 

We may now proceed to the design of the valve itself. 

The equilibrium valve belies its title, since it is definitely out of 
balance , admittedly not to any great extent, but sufficient to render 
it sensitive to fluctuations in water level in the tank whose contents 
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it is required automatically to control. This will be best understood 
by considering its modus operandi , together with a study of the forces 
to which it is subjected in the normal course of operation. Attention 

is directed to Fig. 14*2. , . 

The valve is connected at A to the mam water supply (which 
may be either town’s main or any other pressure supply, depending 
upon location) and the pressure of this supply acts upwards on the 
balance-piston B and downwards on the back of the valve plate C. 
From considerations of assembly it is essential that the cylinder, 
and consequently the piston, • be arranged somewhat larger in 
diameter than the diameter of the valve plate; otherwise the latter 
could not be assembled within the body casing since it must be 
essentially of such dimensions as readily to permit of its passage 

through the cylinder. 

It will be obvious, therefore, that there will be some amount of 
out-of-balance effect operating in favour of the piston which, in 
consequence, will be urged upwards and this upward force will be 
translated into a downward force operating at the ball-float and 
tending to force it under water. It is this fact which enables the 
valve to respond to a falling water level and on which design is 

based. 

Neglecting for the moment all frictional resistances (which will 
be taken into consideration later) and denoting the main’s pressure 
by p lb/in. 2 it will be evident that the net upward force acting on 
the piston will at all times be given by 

P = - — d Q 2 ) lb . . . Eq. 14.1 

4 

where d ± = diameter of piston—or cylinder—in inches 

and d 0 = effective diameter of valve-plate (which, for all practical 

purposes, may be taken as the bore of the seating) 
and the force on the ball float, tending to force it under water 
will be given by 

W = 7 ~ (d* — d*) lb . . Eq. 14.2 

4 L 

where m = fulcrum distance 

/ = length of lever measured from fulcrum pin to centre 
line of ball-float, both dimensions in inches (see 

Fig. 14.2) 

Other dimensions as before. 

It follows, therefore, that to resist this force W, thereby placing 
the valve in equilibrium, there must be an equal and opposite force 
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operating on the ball-float. This reacting force is supplied by the 

displacement of the ball-float and, therefore, we have the simple 
relation r 

W = displacement 

To permit of some latitude in design it is desirable to adopt a 
ball-float of such dimensions as will permit of some reserve dis¬ 
placement. Good practice favours “half-and-half** immersion; 
that is to say, the normal water level in the tank should coincide 
with the centre of the ball-float under operating conditions. 
Adopting this expedient, we have, since the volume of a hemi¬ 
sphere = f 7rr & 3 and i in. 3 of water at normal temperature weighs 
0*0362 lb 

W = § 7rr 6 3 X 0*0362 lb 

where r b = radius of ball-float in inches. 

This equation simplifies to 


W= 0*0756r b 3 . . . Eq. 14.3 

Expressing the dimensions of the ball-float in terms of diameter 
d b in., then 


whence 




= o*oo946<4 3 

_ vw 

0*21 15 


. Eq. 14.4 


Eq. 14.5 


The foregoing formulae will serve to provide some idea of the 
approximate diameter of ball-float required since we have not 
taken into account the effects of friction. These will receive 
consideration at a later stage. 


Example 

It is required to determine the approximate diameter of ball-float on a 
3-in. bore equilibrium float valve operating on a supply main in which the 
pressure is constant at 100 lb/in. a . The known dimensions of the valve 
are as follows 

Fulcrum distance m = 2 in. 

Centre line of ball-float to centre line of fulcrum-pin l = 24 in. 
Diameter of balance-piston d x = 3 $ in. 

Effective diameter of seating d 0 = 2j in. 

From Eq. 14.2 

T ., 7 t X 100 X 2 ... . .... 

w = 4 X g4 [(3i) " (2i) ] 

= 30*7 lb 
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From Eq. 14.5 


ft 3 Q, 7 
o*2i 15 


= 14*7 in. 


As previously pointed out, our calculations so far have not taken 
into account the effects of friction and, as these play an important 
part in the functioning of the valve, tending to ha ™P«.^ * 

drop-tight valve is not altogether essential during operation periods, 
a leaky valve can be quite an expensive affair where water is 

metered and requires to be paid for. _ 

The actual clamping pressure required at the valve seating 

ensure fluid-tightness may be taken equal to 1 i p for leather, then 

clamping pressure p e to be exerted at the valve seating will be given 

roughly by 

p. - - « 

4 


whence 


0-982 (</ 2 2 — d 0 2 ) 


Eq. 14.6 


The greatest frictional resistance will be set up between the 
piston-cup and the cylinder and, to a lesser degree, at each of the 
pin-joints. The latter may be ignored with every justification 
where easy fits are observed, and the correct materials chosen. 
It is assumed that the designer will not fall into the error of using 
mild steel or other corrodible material for the pins, good quality 
phosphor-bronze, manganese-bronze, or “ Monel” metal being 
recommended, not necessarily in the order given. It is scarcely 
conceivable that any calculations can be so accurate as to warrant 
the friction of the pins being taken into account and any such 
additional resistances would only mean that the ball-float would 
assume a somewhat increased displacement in order that these 
may be overcome. 

Dealing firsdy with the frictional resistance of the cup leather 
within the cylinder, only a fairly rough estimate of this can be 
attempted since so much depends on the degree of tightness, 
flexibility of the tongue and the nature of the surfaces in contact, 
etc. The surface of the cylinder should be as smooth as possible 
and free from tool marks. In the absence of more precise informa¬ 
tion relating to the friction of hydraulic cup leathers the following 
treatment is offered for which no extreme accuracy is claimed. 


12 —(T. 710 ) 
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It will be conceded that the toe of the cup leather is maintained 
in close contact with the cylinder wall under the influence of the 
pressure of the supply water with a force diminishing in intensity 
towards the heel and having a maximum at the toe ; then the average 
pressure on the surface of the cup leather—or on the cylinder— 



Q 

subjected to pressure may be regarded as being equal to - d k where 
d k is the total depth of the cup leather. 5 



Fig. 14.3 


Then net outward, or expanding, force F e will be given by 



= o-()4d l d k p (approx.) . . Eq. 14.7 

From the results of experiments conducted by the Author on 
cotton fabric cups (wet) working in a gunmetal cylinder, the value 
of the coefficient of friction obtained was o*175. Adopting this value 

Force of friction, F f = 0*94 X o-175^*4/* 

= 0*164 pd x d k . . . Eq. 14.8 

From a preliminary calculation to determine the approximate 
dimensions of the ball-float and from considerations of its position 
in a vertical direction relative to the valve body, one is enabled to 
obtain some idea of the size of lever to be adopted and thereby 
arrive at an approximate estimate of its weight. 
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Levers are usually made of cast iron in the larger sizes of valves 

valves, sy, \ • but valves of this size are seldom caUed for. 

There b no reason against the adoption of even larger valves where 
drcun^tances warrant it, although it would be preferable to employ 
two or more smaller valves in lieu. 



Fig. 14.4 

The overhanging mass effect of the lever is compensated to some 
extent by the counterbalance effect of the weight of the valve 
closure mechanism but it is as well to estimate as accurately as 
possible the total weight of all moving parts swivelling about the 
fulcrum pin. The weights of various sizes of complete ball-floats 
for varying thicknesses of copper sheet* are given in Table 14.1 and 
intermediate sizes may be readily interpolated from the graphs in 
Figs. 14.4 and 14.5. The former gives particulars of floats up to 
12 in. in diameter and the latter of sizes 12 in. upwards. 

Denoting the weight of the ball-float by W„, the weight of the 
lever by W v and the weight of the closure mechanism, including 

* Copper sheet is the best material to adopt since it is amenable to spinning, 
a process by which such floats are invariably formed into hemispherical shapes 
from the sheet, the two halves being then brazed or soldered together to form the 

completed spherical float. 
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piston, links etc by 

"o be 'Overcome by ^buoyancy of the ball-float may now 

be determined. . , 

Summarizing the results already obtained 

n\ T Inward thrust due to unbalanced pressure on piston 


7 T 


4 


. Eq. 14-9 


(ii) Clamping force on valve seating to effect closure-tightness 


0*982 (</ 2 2 ““ O 

(iii) Frictional resistance of cup-leather 

= o*i 64 j)d 1 d k 

(iv) Overhanging weight of lever and ball-float 


Eq. 14.10 


Eq. 14.11 


The weight of the valve member, spindle, cup, link, etc., may be 
neglected since these will produce no appreciable counterbalance 
effect; in any case the omission operates in favour of the ba -float 
The moment of buoyancy may now be equated to the collective 

moments of resistance as follows 


Wl 


m |[0*982 (d 2 2 — d 0 2 )] + 


d 0 2 



+ [o*i 


64 M<y] 


+ L w x 


where x 


distance of centre of gravity of lever and ball-float 
measured from the fulcrum point, 


or 


w=J {[0-982 {di - <4 2 )] + [^i 2 - 4 > 2 )] + [o-i 6 4 M 4 ]} + A*] 


but, from Eq. 14.4 


therefore 


W = o*oo946^ b 3 



t{ [0-982 {d*-d*)\ + I-/W-O 



0*21 14 


. Eq. 14.12 
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This expression is not as formidable as it might at first sight 
appear and, may be quickly evaluated from the data already 
available from the design at this stage. 

In order to demonstrate the increase in diameter of the ball-float 
necessitated by taking into consideration all factors governing 
operation, the previously worked out example may be repeated 
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in „ account the refinement, included in the above fonnul., 


taking into 
then 



-|- [0*164 X 100 


X 3 i X Of + 14 X 


12 

24J 


0*21 14 


16*2 in. 


= 4 ***• 

The detail design of the remaining items of construction may now 

^S^u^^uSe SKL£JS^ 

float ITlly immersed since this possibility cannot be entirely ruled 
out (^r example, one might easily augment the store of water m 
the' tank by admitting water from another source, say by means 
of the auxiliary stop valve shown in the arrangement illustrated 

m Let'sl^denote the total shearing force on the pin occasioned by 
the buoying effect of a fully-immersed ball-float; then, neglecting 

the weight of the moving parts 


2 W 


m 


(L v + m) 


. Eq. 14.13 


Equating the moment of resistance of the pin (which is in double 
shear) to the shearing force 


2 X - A d*f t 

4 


whence 




0-6375, 


/. 


Eq. 14.14 


From considerations of the bending action which to some extent 
will be incurred, particularly in the smaller sizes, it is recommended 
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that the foregoing formula be amended, from practical considera¬ 
tions, by the addition of a constant. Eq. 14.14, therefore, might be 
amended as follows 

d v=J—f —- + i in - • • Eq. 14.15 

shearing force in pounds (determined from Eq. 14.13) 

permissible shear stress, say, 6,500 lb/in. 2 for rolled 
phosphor-bronze or manganese-bronze, 5,000 lb/in. 2 
for brass bars, and 8,000 lb/in. 2 for “Monel” metal. 



Fio. 14.6 


A noteworthy arrangement of pin assembly is shown in Fig. 14.6. 
The design shown, which might at first sight appear over-elaborated, 
rules out the possibility of the two jaws of the fulcrum bolt becoming 
inadvertently clamped to the lever, thus rendering the valve 
inoperative. It will be observed that the left-hand end of the pin 
is a sliding fit in the left-hand jaw and thus no amount of tightening 
of the pin can result in the two jaws being drawn together. Were 
an ordinary bolt employed, this possibility could not be entirely 

ignored. 

Abrasion of the surface of the pin must be reduced to a minimum 
since rapid wear of this member (or, for that matter, of the hole in 
the lever) must be obviated if the valve is to work for any length 
of time without backlash or lost-motion developing. Directing 
attention once again to Fig. 14*6 the total bearing load transmitted 


where S f = 
/.= 
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’Jlllte C gTv e en f bTt- ^ou^tte^d 

(see Eq. 14.13)* 

Projected area of pin-hole in lever — 
then, if f b = safe bearing pressure in lb/in. 2 


bd. 


whence 


bdj b 

JL 

dj b 


. Eq. 14.16 


The safe bearing pressure f h may be taken equal to i ,ooo to 

1 ’ Here agatofthk fomiula might be amended with advantage to 
include a constant in order to cater for those cases where the pm is 
only lightly loaded, and where strict compliance with the above 
expression would give an undesirably low value such as would 
cause the lever to have a sideways tendency to rock. 

Equation 14.16, therefore, should read 


dpf, 


+ iin. 


. Eq. 14.17 


The bending moment in the lever will be a maximum in the region 
of the fulcrum pin and the lever at this point should be proportioned 
accordingly. For all practical purposes the maximum bending 
moment which could occur would be that induced by a lully- 

immersed ball-float acting through the leverage l. 

Thus, the bending moment will be given by the total displacement 
of the float multiplied by the length of the lever measured from the 
centre line of the ball-float to the fulcrum bolt or 

4 ^b 3 ct 

M= 1 X 7 rX-f X 0-036/ 

3 8 

= o-oi885<4 3 / m 

where d b = diameter of ball-float. 

Equating this expression to the moment of resistance of the lever 

at the point referred to above and assuming a strictly rectangular 

section (from the fundamental relation for bending, M =fZ) 


0*01885 <4 3 / 


f t ^ W - < 4 2 ) 
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whence 



Eq. 14.18 


where/, = safe tensile strength of the lever, say 3,000 lb/in. 2 for 

good quality cast iron, 5,000 lb/in. 2 for gunmetal, 
and 10,000 to 12,000 lb/in. 2 for mild steel bars. 



STAINLESS STEEL PIN (or equivalent) 
Screwed in tightly 


Fig. 14.7 


The screwed termination of the lever for attachment of the ball- 
float calls for some amount of thought. If the lever be made entirely 
of iron, it is practically useless to arrange the screwed end integral 
with the lever as the chances are that it would readily break off; 
even if it escaped fracture, corrosion of this part would inevitably 
impair its strength. A superior method of attachment is that 
portrayed in Fig. 14.7 which should be self-explanatory. The 
screwed termination is a separate piece, renewable in the event 


Wr 
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of 40 toad becoming impaired tough any 
occasioning no necessity to renew the whole of the lever lor 

qoI/a of 2i broken end fitting* « 

This pin will be subjected to a bending moment and a shearing 

force having a maximum 

the lever; for all practical purposes the shearing force may 

ig ri be assumed that the amount the pad projects above the 
surface of the ball-float is i in. (a correction could be made where 

there is any appreciable deviation from this a™ 0 ™ 4 ) >■ then 
r rr crvimnm bending moment at the point indicated will b 

Id \ .. . 


M. — D 


(;+ ') lb ' in - 


where D 
and d 


displacement of complete ball-float 
diameter of ball-float 


The moment of resistance of the pin (at its root diameter) will be 


3 2 


d.% 


. Eq. 14.19 


where d s = root diameter of pin 

and = safe tensile strength of the material of the pin say 

5,000 lb/in. 2 for gunmetal and 10,000 to 12,000 lb/in. 

for mild steel or “Monel” metal. 

The latter material is to be strongly recommended for this itemon 
account of its high resistance to corrosion coupled with its high 

mechanical strength. 

Transposing Eq. 14.19, and making the necessary substitutions 



. Eq. 14.20 


It must be remembered that d s thus obtained is the root diameter 
of the thread: the nearest B.S.W. or B.S.F. size in excess of that 
obtained by the above formula should, of course, be adopted. 

One more detail yet to receive consideration is the fulcrum bolt, 
a typical example of which is shown in Fig. 14.8. In order to 
restrict the fulcrum distance to a reasonably small amount it is 
expedient to crank the jaw portion inwards, as shown, so as to 
permit of the screwed portion being passed through the coyer 
flange and to be secured by a nut on the underside, thus presenting 
no difficulties of alignment as would otherwise be occasioned were 
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the bolt to be screwed into the flange, since the chances of it facing 

the way of the lever would be very remote in the fully tightened 
position. 

The shank is subjected to combined bending and direct tensile 
stresses under the influence of the upward force S f acting on the 



Q+s f 

Fig. 14.8 


fulcrum pin. For the sake of simplicity of calculation it is more 
convenient first to assume a shank diameter d f and collar diameter 
d e and then to compute the total tensile stress incurred. Subsequent 
adjustment may then be made to these dimensions if it is found 
that the resulting stress is on the high side. 

The jaw will tend to heel about the point 0 in Fig. 14.8, hence, 
mean tensile force due to bending may be obtained from the relation 
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The direct tensile force will be 5 ,; then total tensile force will be 


F = S, + j (ae + d c ) 


Sf[ 1 + 


2 e + d ( 


Eq 14.21. 


Then, net tensile stress 


f 


nt 



2e + d t 



Eq. 14.22 


A suitable value for/ n() in this case, may be taken up ^ 15^00 
lb/in . 2 for a mild steel forging or drop stamping 12,ooo lb/m. lor 
a steel casting, 7,500 lb/in . 2 for malleable iron and 5,000 lb/im fo 
gunmetal where the bolt is a good fit in the hole drilled tor its 

16 AgairT referring to Fig. 14.8 it wiU be appreciated that Ae 
jaws of the fulcrum bolt will require to be so proportioned that they 
will be able to withstand the bending forces incurred in the re 0 io 
of the section denoted by **', at which section the bending moment 

is a maximum, then 


V 


tn 2 

2 f* • IT 

y > 2 


. Eq. 14.23 


Now t may be arbitrarily fixed as 

b 6 _ 3* 

2 8 8 

where - is the width of the jaw taken through the boss {see Fig. 14-6) 
2 

and this readily enables the value of n to be determined. 

Transposing Eq. 14.23 

„ = / . Eq. 14.24 

** Jt 1 

Values for/, may be taken equal to those which apply in Eq. 14.22. 
There would appear to be no further items calling for detailed 
stress investigation excepting, perhaps, the body itself and the ball- 
float. With regard to the former, this is generally made as light as 
possible consistent with the requirements of moulding since the 




Fio. 14.9 
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If use is made of a cup leather (the italics signifying that leather is 
not specifically essential; any of the well-known synthetics or 
bonded-asbestos-rubber compounds would serve equally as well, if 
not better, under certain conditions of installation) the same care 
should be expended in an endeavour to make full use of this age-old 
principle of sealing as would be expended in the best hydraulic 
practice. 


CLEARANCE 0 003d, 

d. 


It is useless to jam such a device between two plates and leave it 
at that; care must be taken to see that it is adequately supported 

and that it is prevented from curling 
up at the toe or being subjected to 
undue flexure at the heel, nothing 
being more conducive to rapid wear 
of this member unless it be the presence 
of abrasives in the working fluid. 

The mode of support referred to 
will be more readily apparent from 
(all sizes of cylinder) the additional illustration shown in Fig. 

14.10. The provision of “breather” 
holes (not shown) is an additional 
refinement and ensures that ingress 
of the working fluid, so essential for 
maintaining the “leather” in close 
contact with the cylinder wall, is not restricted. 



CLEARANCE ^ 


Fio. 14.10. Gup Leather 
Assembly—Equilibrium Float 

Valves 


The top plate (see Fig. 14.9) should be arranged to fit snugly over 
the leather and should be radiused so as to give the minimum of 
endplay, a suitable value being 0*003 ' 1Tlm P er i nc h of cylinder 
diameter, on each side. 


The bottom support, which forms an integral part of the valve 
member, should be provided with a more liberal allowance, 
however, in order to enable entry of the working fluid so as to 
exert an outward pressure on the walls of the cylinder. A suitable 
value for the clearance here would be ^ in. per side for all sizes of 
cylinders. 

The valve member is of the winged type but the winged portion 
is a separate casting which simplifies the task of renewing the 
rubber or leather facing on the valve and thus obviates the un¬ 
desirable tendency of the facing to creep during the process of 
screwing on the winged portion in those valves employing this 
principle. The bottom nut has a transverse saw-cut for purposes of 
locking it by means of a light hammer blow (a simple but effective 
ruse) but the nut is easily removed when required. Concentricity is 
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ensured by the central spindle; the clearance between this and its 
attendant parts is shown exaggerated in the drawing. 

Accidental ingress of water (or other working fluid) to the 
ball-float during operation is, of course, to be avoided and this 
calls for there being no uncertainty in the closure-tightness of the 
filler-cap. Consequently, a leather grummet has been provided in 
the design shown and arranged in such a manner that the grummet 
cannot be squeezed out by excessive tightening of the cap. This 
again is in accordance with usual hydraulic practice. 

Too much backlash should not be permitted between the rounded 
end of the lever and its housing in the head of the piston, although 
there should be sufficient working clearance (say in. total) to 
prevent jamming. All roughness on the contacting surfaces should 

be avoided. * 

A strict compliance with the aforementioned suggestions should 
provide a trouble-free valve, calculated to require a minimum of 
attention or overhaul over a lengthy period of service, and it must 
be remembered that such valves are often installed in some in¬ 
accessible position and their presence often forgotten until such 
time as something goes amiss. 


CHAPTER 15 

VALVE CHESTS 


• 

There is no aspect of valve design more open to speculation than 
that of the determination of the requisite chest thickness to satisfy 
the prevailing pressure and temperature conditions. This is to 
some extent understandable since certain types of valve embody 
the most complicated body shapes (reflux valves, for example) as 
to render any attempt to determine the stress distribution unworthy 
of the effort expended, as certain a priori assumptions of doubtful 
validity would require to be made, and this alone would render 
any subsequent results at best approximate and certainly unreliable. 

This is one reason why valves destined for the higher pressures 
and temperatures are generally designed with as many truly 
cylindrical configurations as possible since the stresses induced in a 
cylinder of circular cross-section under the influence of internal 
pressure are determinable with a far greater degree of accuracy 
than is possible with any other shape. Valves designed on these 
lines are easier to make from a moulding point of view and deform 
more uniformly under the influence of temperature changes as may 
be expected. 

The truly cylindrical body is by no means economical of metal 
in the case of parallel slide and sluice valves, since it necessitates 
a much increased overall length, measured over the flange faces, 
and where the pressure conditions are not severe a non-circular 
neck, of rectangular, square, or elliptical section, may be adopted. 


Thickness of Chests of Non-circular Cross-section 

No exact method of stress analysis has yet been devised for 
cylinders of non-circular cross-section, and workers in this field 
will be the first to admit the truth of this statement. Notable 
amongst such investigators may be cited Professor H. W. Swift,* 
M.A., D.Sc. (Eng.), M.I.Mech.E., and Mr. P. Field Foster,| 
M.Sc., A.M.I.Mech.E., in whose contributions to the problem 
will be found much that is helpful. 

As in many other fields of engineering endeavour, tradition plays 
something of a part. Valves are no exception to this rule and it is 


* “Thin Cylinders of Non-circular Section,” The Engineer , 21st December, 1928. 
| “Stresses in Tubular Pressure Vessels,” The Mechanical World , 19th July, 1929. 
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common to associate oval-necked bodies with medium-pressure 
parallel slide valves—or Peet’s valves—and truly cylindrical-necked 
bodies with high-pressure parallel slide valves and low-, medium-, 
and high-pressure junction stop valves. Globe valves are for the 
most part globoidal in contour, as the term implies. By neck is 
understood that portion of the body co-axial with the operating 
spindle and usually terminating in a flanged connexion to the lid. 
Illustrations of the various types of bodies are depicted isometrically 
in Figs. 15. i to 15.5, inclusive, and elementary sections of various 

necks in Fig. 15*6* 



Fig i t%.i. Sluice Valve Body Fig. 15.2. Low- and Medium-pressure 

Parallel Slide Valve Body 


In almost every case, of course, the pipe connecting thoroughfares 
themselves are cylindrical, since this is the generally accepted shape 
of pipe connexions, certain exceptions sometimes being found in 

sluice gates and penstocks. 

It will be appreciated that some amount of speculation will 
attend the determination of any valve chest thickness when it is 
reflected that the valve body is not only subjected to stresses imposed 
by the line pressure, but also to additional stresses resulting from 
the end thrust occasioned by expansion of adjacent connecting pipe¬ 
work and in some cases from the effects of bending (where the 
valve is inadequately supported) and from other equally indeter¬ 
minate effects. All these factors must be taken into account and 
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consequently quite as much depends upon the designer’s past 
experience as upon pure theorizing. Speculation is valid if based on 
precedent, but if it has no other foundation it falls into the category 
of guesswork, which might—or might not—yield satisfactory results. 




Fig. 15.3. High-pressure Parallel 
Slide Valve Body 


Fig. 15.4. Junction Stop 
Valve Body 



Fig. 15.5. £Globe Valve Body 

For the purpose of comparison all secondary stresses such as 
would be occasioned by mal-alignment, pipe thrust, and so forth, 
will be ignored at first, concentrating on the stresses imposed by 
the internal pressure alone. Allowances may be made later for 
the effect of these secondary stresses. 

Professor Swift’s treatment is primarily concerned with thin 
cylinders, i.e. those cylinders wherein the chest thickness is small in 
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comparison with the principal diameters. (It must be remembered 
that in the case of small chests, the thickness is determined more 
from consideration of providing an easily moulded casting, and one 
free from porosity, rather than from its ability to withstand the 



(i) 


Fig. 15.6. Typical Valve Neck Sections 

(<x) Parallel slide and Peets valves 
(h) Sluice valves 
( e) Sluice valves 

( d ) Large sluice valves 

(e) Junction, globe, and H.P. parallel-slide valves 

pressure stresses imposed, since the thickness derived from theoretical 
considerations alone would, in the majority of cases of small chests, 
prove inordinately thin.) The treatment advocated by Professor 
Swift was apparently prompted by the difficulties associated with 
the design of extra large sluice valve bodies, which are usually of 
elliptical, or quasi-elliptical, section, as depicted at ( b ), ( c ) and (d) 
respectively in Fig. 15.6. It is more convenient to assume a thickness 
of chest and from this and other known factors to determine the 
stresses incurred. These can then be checked against known safe 

values. 

The formula for maximum fibre stress due to bending is given by 

/, = ± f (* 2 ~ r*) • • • Eq. 15.1 
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where/j == maximum fibre stress due to bending 
p = pressure within the chest 
t = thickness of chest 

k = polar radius of gyration of the shell about its axis 

and r = radius to point at which stress is required to be com¬ 
puted, measured from the geometrical centre of the 
shell (see Fig. 15.7). 

. v ^ ue °f k 2 may be determined from the mean value of r 2 

it successive points are taken along the circumference of the shell 



Fig. 15.7 

(a somewhat laborious process), but the more points chosen the 
greater will be the accuracy of k 2 determined in this manner. 

If, as is usual, it is only required to calculate the total stresses at 
the extremities of the principal axes, then r in the above expression 
may be replaced by a or b , as the case may be, depending upon the 
point at which it is desired to determine the stress, say point A or B; 
hence Eq. 15.1 may be re-arranged, and the direct tensile stress at 
points A and B taken into account. 
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The direct tensile stress at A is obviously given by 



and at B, by 

II 


Then maximum total stress at A is given by 


/„ = 

= ± ^ (* 2 - * 2 ) + T ’ 

. Eq. 15.2 

and at B, by 

= ±f (* 2 -* 2 )+T • 


fs ~ 

. Eq. 15.3 


Whilst the foregoing have been described with relerence to a 
shell of elliptical section, similar expressions may be derived for 
rectangular or other sections (provided they are bi-axially sym¬ 
metrical) since it is only a matter of making the necessary adjustment 
for the appropriate value of k 2 . 

It can be shown that for a rectangular section 


k 2 


(a+b) 


whence by substitution 


/ 


AR 


± 


t 2 \ 


+ b) 


and 


f BR 



+ b) 


-<A H 

- H +1 


pa 

t 

pb 


Eq. 15.4 


. Eq. 15.5 


Note that the minus sign denotes compressive stress. It will be 
appreciated how essential it is first of all to assume a chest thickness 
and then to determine the stresses induced, despite the fact that this 

savours of trial-and-error procedure. 

Sluice valve bodies are frequently made to a section composed 
of two parallel sides of length 2x joined by semicircular ends of 
radius b, as previously described and illustrated (Fig. 15.7 ( b )), in 
which case 

x 


k 2 = x 2 + b 2 + | . 


irb 


• ( 3 b 2 ~ x 2 ) ■ Eq. 15.6 
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In the case of truly elliptical chests no simple expression for k 
(or k 2 ) may be computed but values may be taken direct or inter¬ 
polated from the graph of Fig. 15.8 which gives values of - for all 

b b a 

ratios of — from zero to unity. (Values of — approaching unity 

would, of course, indicate that the ellipse was more closely 
approximating to a circle.) 

k 

From the values of - taken from the graph, may be derived the 

value of k simply by multiplying the value thus obtained by the 
appropriate value of 0, the half-length of the major axis. 

For ratios of- greater than about 0*4 it will be sufficiently accurate 


to take k 


a 

a -f- b 


but for flatter ellipses, where the ratio - is much 
* a 


less, it will be necessary to multiply the derived value of A; by a 

2 k 

correction factor C = - r . 

a + b 

Values of C appropriate to the various values of- are included on 

a 

the graph for ready reference. 

Consider a typical example by way of illustration. 

Example 

The neck of a sluice valve body is in the orm of a true ellipse measuring 
80 in. by 30 in. and is subjected to an internal pressure of 50 lb/in.*. 
Determine (i) the radius of gyration k and (ii) the stresses at the extremities 
of the major and minor axes if the chest thickness is 1J in. 


Solution 

(i) 


b 30 

Rati ° a = 80 = °' 375 in 


By interpolation from the graph of Fig. 15.8 

k - . 

- = 0*690 m. 


a 


whence 


k = 0*690 x 40 
= 27*60 in. 


From the graph the correction factor is 1*009 (very approx.), then 
amended value of 


k = 27*6 X 1*009 
= 27*85 in. 
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whence 

(ii) From Eq. I 5 - 2 


k * = 775*6 in.* 


f A = ± (775-6 - 1,600) + 50 40 lb/in.* 

= + 40,509 lb/in.* (tensile) or — 40,281 lb/in.* (compressive) 


Also, from Eq. 15*3 

3 X 50 


f*=± 


T (775* 6 — 22 5) + 5 ° ~ 1 ~ 5 lb/in.* 


(l|)* v//j- —‘ ij 

= 27,407 lb/in. 2 (tensile) or — 26,551 lb/in. a (compressive) 



Fig. 15.8. Radius of Gyration for Elliptical Shells 

(Swift) 


These values are much in excess of those prescribed for cast iron 
(or cast steel) indicating that the assumed chest thickness of 1 f in. 
is too small for the pressure stated. The chest may be further 
reinforced by the judicious inclusion of ribs, about which more 
mention has been made in Chapter 13 devoted to wedge-gate 
sluice valves. 

Now consider Mr. Foster’s treatment, which is a good or useful 
approximation in the case of cylinders of any section, even when the 
walls are fairly thick, provided they are bi-axially symmetrical, 
such as those featured in certain types of parallel slide valves, gate 
valves, etc. For precise details of the derivation of the various 
formulae the reader is advised to study Mr. Foster’s article; in that 
which follows, the formulae only will be given. 
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Consider the rectangular section with rounded comers depicted 
in Fig. 15.9, a typical example of a parallel slide valve neck. 

The bending moment Mq at any point Q,, situated on the centre 



Fig. 15.9 


M 


line of the shell and distant x , y from the minor and major axes, 
respectively, is 

= f (* 2 +> 2 ) - Ts [«*(* - r) + b*(a - r) + + (a - ^) 

+ ~|( fl — r ) 2 + (* - r ) 2 + r2 | + 2r2 ( a + b ~ 2r )j 

. Eq. 15.7 


where x = perpendicular distance from short axis of point 

selected (Q,) 

y = perpendicular distance from long axis of point 

selected (Q,) 
p = working pressure 
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length of centre line of wall from point A to point B (see 
Fig. 15 - 9 ) 

radius of fillet measured to centre line of wall 
length of semi-major axis of vessel, measured to centre 
of wall 

length of semi-minor axis of vessel, measured to centre 
of wall. 

As a preliminary step, the bending moment at point Q, may be 
determined. From known data, a , b , r, and p may be inserted in 
Eq. 15-6, whilst * and y are best scaled from the drawing of the 
section and similarly inserted. The distance *, the linear distance 
between points A and B measured along the centre line of the wall, 
is readily calculated. Actually 

„ / 277 T\ 

s= (a-r) + (b-r) -f J 

= a + b — 0*4292 r 

The modified cross-sectional area A x of a i-in. thick element of 
the wall at point Q, may be obtained by scaling that portion of the 
wall lying between points CC X on the diagonal ZZ and the stress 
f in this curved portion calculated from the following expression 


/q 


M 


Q 


A 


r(A x - A) 


r - 



Eq. 15.8 


where t = the thickness of the wall measured at right angles to its 

face, - being the distance of the outer fibres from the neutral axis 

of the section, or centre line of the wall. 

The answer may be a negative quantity, but this does not 
necessarily imply that the stress is compressive, as was the case in 
Professor Swift’s treatment. 

To the value thus obtained must be added the direct stress, 
produced by the internal pressure, treating the section as a thin 
cylinder whose diameter D would be the diagonal ZZ bounded 
by the inner confines of the chest. Denoting this stress by f iQ 

we have 

pD 

. Eq. 15.9 


fdQ 


2 1 


Then total stress 


fiQ =/ 0 +fdo ■ ■ • E q- ^-io 

the sum of the two values derived from Eq. 15.8 and Eq. 15.9. 




THE DESIGN OF VALVES AND FITTINGS 


The bending moment (M B ) at point B, the mid-point of the 
long side, may be determined in a similar manner to that employed 
for determining the bending moment at point Q but noting that 
x = o in this case. 

The bending stress in the straight portion is then very easily 
determined from 



where £ is the section modulus of a i-in. thick element of the 
section of the wall at the point under consideration. 

Again the direct stress (which in this case is given by 



where W = the width of the rectangle) 
must be added to the stress due to bending, or 

ftB—/ b-\~ fdB • • • Eq. 15 .ii 

By a similar process to the foregoing, one could determine the 
stress at any number of points around the perimeter of the chest 
and so determine the maximum stress, but it would be found that 
this would generally be located at the mid-point of the long side, 
or at the junction of the long and short sides, and since it is desirable 
from moulding considerations to adopt a uniform wall thickness 
based on that required at the point of maximum stress, no useful 
purpose would be served in determining the stresses at any inter¬ 
mediate points. It should be mentioned that as large a fillet radius 
as possible should be adopted since the stress here appreciably 
increases with a diminishing radius. A square-cornered chest would 
induce abnormally high stresses, yet valve bodies are sometimes 
encountered having no semblance of a fillet radius. Fortunately 
these are generally of the cheap variety destined for very low 
pressures and relatively unimportant duties. 

Having determined the maximum stress incurred it only remains 
to see whether this falls within the permissible value for the material 
employed. In the choice of a suitable chest material and its safe 
working stress much depends, of course, on the particular applica¬ 
tion, e.g. on the temperature of the working fluid (apart from 
pressure considerations), the extent of shock loading, or sometimes 
on the chemical action of the working fluid upon the body material. 
These will be dealt with later in the present chapter. 

Consider a further typical example by way of illustrating Mr. 
Foster’s treatment. 
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Example 

The neck of a parallel slide valve is rectangular in section and measures 
_ in. X 9 in. internally. The wall thickness is 1 in. and the valve is 
subjected to a pressure of 350 lb/in. 2 . Determine the stresses induced at 
the points indicated at Q.and A in Fig. 15.9. 


Solution 

From scaling the drawing (not shown) and from other known data, 
a = 5 in., b = 3 in., x = 4-58 in .,y = 2-55 in., r = 1*5 in. and s = 7-36 in. 

Then, from Eq. 15*7 

M q = (4-58’' + 2 - 55 a ) ~ 2 x 35 7 ° 3 6 [ 5 ! (3 - 1 - 5 ) + 3 a (5 - >' 5 ) 

(a — (3 — i-O 3 3*14 X i*«j 

+ 13 — + 3 - + 5 ((5 ~ 1 ‘ 5 ) 2 

+ ( 3 - i* 5 ) a + x * 5 2 } + 2 X 15* {(5 + 3 ) “ (2 x i-5) }] 

= i ,345 lb - in * 

The modified area of A x of a i-in. thick element of the wall at Q., measured 
along the diagonal ZZ> is 1*05 in. and the tensile stress in the curved portion 
of the wall may then be derived from Eq. 15.8 

f = x >345 / *-Q 5 x '5 \ 

1*5(105—1 00) \ 1 00 1*5— 0*5/ 

= — 8,080 lb/in. a 


(Again note that in this case the negative sign does not denote com¬ 
pressive stress.) To this value must be added the direct stress as would be 
obtained by employing the thin cylinder formula taking the “diameter” to 
be the diagonal ZZ (Fig. 15.9) bounded by the inner confines of the 
vessel. This dimension D scaled 9-4 in., then 



350 X 9*4 

2 X I 


= 1,642 lb/in. a 

The total stress at point Q,, therefore, is given by 

f Q = 8,060 + 1,642 
= 9,722 lb/in. 2 


The bending moment at point B (Fig. 15.9) may be similarly calculated 
from Eq. 15.7, remembering that x has zero value in this case, and that 
y = 2$ + \ = 3 in., when 

py 2 p 

m b — — ~ [(etc., as in Eq. 15.7)] 


350 X 3 


2 


350 


2 2 x 7*36 

= — 1,900 lb/in. a 


[' 46-31 
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The bending stress/, is then derived from 

JB — 


1,900 

“ I X («« 

= 11,400 lb/in.* 

To this value must be added the direct stress — 
of rectangle. B 

^ken direct stress f dB = —- 


pW 


, where W = width 


2x1 


= 875 lb/in.* 


Hence 


tota/ stress,/** =/* -f f aB 

= 11,400 + 875 
= 12,275 lb/in.* 


In the foregoing treatment the support derived from the cover 
flanges and the branch pieces has been ignored. In common with 
the usual theoretical treatment of cylinders under internal pressure, 
the chest is assumed to be of considerable length and receiving no 
support from the ends. A valve body is usually kept as short as 
possible in the neck and branch pieces; consequently, it is reasonable 
to suppose that the proximity of the cover flanges and branch 
pieces will materially augment the stiffness of the neck. This is 
substantiated in practice since from an examination of a number of 
designs it has been found that the chest thicknesses adopted are 
somewhat thinner (not appreciably so, however) than those 
apparently deemed necessary by too rigorous an adherence to the 
foregoing treatments. This is particularly noticeable in the larger 
sizes of sluice valves but is not cited as an excuse for adopting a 
nonchalant attitude towards the theoretical aspects of this problem. 

Wherever any doubt exists regarding the strength of any par¬ 
ticular vessel which might require to be made in quantity, it is 
recommended that a sample casting be hydraulically tested to 
destruction in order to test the validity of the results obtained by 
exploitation of the theoretical treatment. In this way much valuable 
information may be gleaned for future guidance in design and 
possible economies effected. In the “one-off” job one can afford 
to be a little more liberal but where quantity production is 
contemplated more discrimination should be exercised. 
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Permissible Working Stresses 

It is now expedient to dwell upon the factors which determine 
the maximum permissible working stresses for any particular 
material employed for valve chests, paying due regard to the 

conditions imposed. 

Steel Castings 

In order to comply with B.S. 759: * 95 ° ( Valves , Gauges and 
Other Safety Fittings for Land Boiler Installations ), the following 
requirements should be rigorously observed in the design of valve 

chests. 

Steel castings shall comply with B.S. 592.* Grade 1, 28-35 tons/in . 2 
Such castings may be made by the open hearth or electric (acid or basic) 
process . 

Table 15.1 gives the chemical and physical properties of such 
a steel. 


Table 15.1 


Chemical Composition 
(percentage) 

Tensile Test 

Bend Test 

Carbon 

Sulphur 

Phosphorus 

U.T.S. 

ton/in. 2 

Minimum 

Elongation 

(percentage) 



0*06 

006 

28-35 with 
a minimum 
yield stress 
of 14 tons/ 
in. 2 

20 

1 in. bent 
through 
angle of 
120° 


This requirement of B.S. 759: 1950 does not preclude the adoption 
of better quality material than that specified, and for the higher 
temperatures the employment of carbon-molybdenum steel, either 
forged or cast, is to be recommended. 

With ordinary carbon steels there is a distinct deterioration of 
the U.T.S. in the region of 650-700^ and it is less creep-resisting 
whereas the adoption of molybdenum has the effect of preserving 
the mechanical strength well beyond these figures in addition to 
providing enhanced creep resistance. 


* Under revision. 
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Alloy 


Composition 


Cu 


Zn 


A 1 


Ni 


Fe 


Mn 


Sn 


Pb 


1. Manganese Brass 
(extruded) 

55 ‘1 

41*89 

1 

0*07 

1 

0*28 

1 

0*84 

0*36 

1 1 

o *77 

0*52 

2. Gunmetal 
(cast) 

86-28 

5*io 

— 

0*23 

0*06 

— 

599 

2*33 

3. Admiralty Gunmetal 

88-o 

2*0 

_ 




10*0 


(cast) 







4. Bronze . 

(cast) 

5. Low Nickel-bronze . 

(cast) 

86*52 

1*29 

— 

009 

0*01 

— 

11*86 

0*17 

82*0 

4 *o 

— 

35 


— 

10*0 

— 

6. High Nickel-bronze . 
(cast) 

32*55 

• 

0-32 

53-8 

0*48 

■ • 

12*72 

— 



The graph, Fig. 15.10, giving typical working stresses for both 
carbon and carbon-molybdenum steel (forged or cast) for varying 
wall temperatures, will serve to illustrate the superior characteristics 
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of the latter steel over the former. The curves will be found addition- 
use f u l in any calculations on the determination of the requisite 

wall thickness to satisfy the dual conditions of pressure and 
temperature by any of the formulae previously described. 

Note that the stresses given are working stresses. 

An analysis of a typical C-Mo steel, made by the high-frequency 
rocess and electrically heat-treated, together with its physical 
properties suitable for high pressure and temperature steam valve 

service, are given below. 


Chemical Composition 


Percentage 


Carbon . 
Silicon . 
Sulphur . 
Phosphorus 
Manganese 
Nickel 
Chromium 
Molybdenum 


0*25-0*35 
0*35 maximum 
0*055 maximum 
0*045 maximum 
0*50-1*00 
0*20-0*60 
0*10—0*30 

°’45 -0 ’7 0 


Physical Properties 

Maximum stress 
Yield point 
Elongation 
Reduction of area 
Brinell hardness 
Bend on 1 in. radius 
Izod impact 
Maximum creep rate 


34/42 tons/in. 2 
18/28 tons/in. 2 
28/16 per cent 
42/28 per cent 

^e/ 1 92 

120 0 minimum 

55- 2 5 ft ' lb 

io -7 inch per inch per 
hour at 440°C and 
8 ton/in. 2 stress 


Other analyses are available, with a greater or less proportion of 
the alloying elements chromium and molybdenum, depending 
upon the particular characteristics required. 


Steel Forgings 

According to B.S. 759: 1950— 

Steel forgings shall comply with B.S . 24, Part 4, Specification No. 8, 
Class B or B.S. 970— En 3 A. 

Such forgings may be made by the open hearth (acid or basic), 
the Bessemer, or electric process and should have an U.T.S. of 
from 26 to 32 tons/in. 2 The sulphur and phosphorus content 
should each be 0*05 per cent. The sum of the U.T.S. and the 


13 —(T. 710 ) 









37 2 THE DESIGN OF VALVES AND FITTINGS 

elongation should not be less than 54. The ends of a f-in. diameter 

bend specimen should be capable of being brought together 
without fracture. 

Here again, there is nothing to preclude the adoption of alloy 
forgings of superior characteristics than the foregoing. 

Valve bodies and lids of 
forged steel, carbon, or alloy, 
are generally confined to the 
smaller sizes of valves from 
considerations of die costs 
and the limitations in size of 
the drop-stamp or hammer. 
Moreover, the adoption of 
forged steel bodies and covers 
is not always prompted by 
the desire for enhanced mech¬ 
anical strength so much as 
from consideration of achiev- 
ing consistent immunity from 
porosity, since this desirable attribute is most difficult of attain¬ 
ment in small steel castings. One or two firms specialize in 
the manufacture of large-bore valves of hollow forged construction 
but the smaller valves are usually of solid forged construction with 
the thoroughfares subsequently bored or drilled out. A typical 
forged steel body of the latter type is portrayed in Fig. 15.11. 



Fig. 15.11. Valve Thoroughfares 

BORED OUT OF SOLID FORGING 


Iron Castings 

By far the greater proportion of valves are of cast iron con¬ 
struction, in so far as the bodies and covers are concerned. 

According to B.S. 759: 1950, iron castings shall be of general 
grey iron to B.S. 1,452. The following physical properties are taken 
from this Specification. 


Table 15.2 


Standard 
Diameter of 
Test Bar 
(in.) 

Grade A 

---—- 

Distance 

between 

Supports 

(in.) 

Minimum 

Breaking 

Load 

(lb) 

Transverse 

Rupture 

Test 

(ton/in.*) 

Minimum 

Deflection 

(in.) 

Minimum 

U.T.S. 

(ton/in. 1 ) 

o-6 

9 

530 

25-1 

0-07 

12-5 

0875 

12 

1,185 

24*1 

o-io 

12-0 

1*2 

18 

*> 95 ° 

231 

015 

11*0 

i-6 

18 

4,230 

2t'4 

0*12 

10*5 

2-1 

24 

6,660 

* 

1 9*6 

015 

10*0 
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Again there is no reason why superior irons may not be employed 
anddie following analyses are typical of high-grade irons, specially 
suitable for valve bodies and covers. Details of the physic 

properties are also included. 


Table 15.3. Cast Iron for Valve Bodies and Covers 


Ref. 

Total 

Carbon 

Si 

Mn 

(perc 

S 

entag 

P 

e) 

Ni 

Cr 

U.T.S. 

ton/in. 2 

Brinell 

Hardness 

No. 









1 

3 * i_ 3‘4 

1 *o-i *4 

0*5-1‘O 

0*12 

o *5 

1*0 

o *5 

18 

200 

2 

3 * *- 3-4 

1-3-1 *6 

0*5-1 *0 

0*12 

o *4 

1 *o-i*5 

0*25-0*5 

17-20 

200-220 


According to B.S. 759: i 95 °> Clause 2 (b) 
Cast iron shall not be employed for — 


(i) Temperatures above 400°F. 

(ii) Steam pressures exceeding 150 lb /in . 2 (gauge). 

(iii) Feed valves and scum valves directly attached to boilers for 
pressures above 150 lb/in* (gauge). (Valves so attached 
are subject to expansion strains imposed by the boiler 
and cast iron possesses no well-defined elasticity.) 

(iv) Blow-down fittings. 

The remarks following (iii) apply in this case also. 

Reverting to Clause 2 (a) (vi), this states: Bronze and gunmetal 

castings shall have properties equal to those specified in B.S. 1400 LG$ C. 

Clause 2 (c) states: Bronze and gunmetal shall not be used for tempera¬ 
tures above 4 2 5 °F (2i8°C). This is on account of the rapid depre¬ 
ciation in strength of this material at elevated temperatures, as 
illustrated in the graph, Fig. 15.10, giving the ultimate tensile 
strength of various non-ferrous materials under varying tempera¬ 
tures. It will be observed that in the case of the bronzes there is a 
distinct decline in the U.T.S. value in the region of 300°-400°F, and 
a more or less uniform decline with increasing temperature. This 
graph, read in conjunction with the accompanying table, should 
provide data of a useful kind in calculations for determining the 
thickness of the chest, bearing in mind that the figures represent 
U.T.S. and not working stresses. A factor of safety of 6 is recom¬ 
mended in such calculations. Note particularly the effect of the 
alloying element nickel on the U.T.S. in the case of the high 
nickel-bronze (Curve 6). 
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Xhe case of valves destined for service on chemical plant provides 
additional problems entirely, chief of which would appear to be 
that of counteracting the effects of corrosion and erosion. The 
subject is so wide that generalization is impossible, and each 
problem is a matter for separate investigation. 

The number of proprietary materials available, ranging from 
plastics to ‘ stainless” steel, would require a volume in itself and so, 
with this brief reference, it suffices to pursue but one remaining 
aspect of design, namely, the determination of the wall thickness 
of the cylindrical branch pieces. 

Branch Pieces 

By branch pieces is specifically implied those portions of the chest 

adjacent to the connecting pipe flanges and usually of circular 
cross-section. 

The most generally accepted formula for the determination of the 
wall thickness of a truly cylindrical vessel subjected to internal 
pressure is that due to Lam6, but the results obtained therefrom 
make no allowance for the exigencies of moulding, subsequent 
mal-alignment and incidental stresses additional to those induced 
by the mere application of the internal pressure, with which Lamp’s 
formula is only concerned. This is particularly the case where 
relatively small or moderate pressures are imposed; the higher 
pressures more commonly encountered in hydraulic work, and 
generally of the order of a few tons per square inch, give thicknesses 
of a magnitude compatible with the minimum requirements of 
the foundry, in which event this latter aspect will look after itself. 

In any purely theoretical treatment of the strength of cylinders 
(both thick and thin) no allowance is made for the lack of homo¬ 
geneity, end thrust, deadweight, and other incidental, but by no 
means inconsequential, factors, and the designer must resort to 
empiricism if the resulting design is to be in accord with practical 
requirements. 

If assured of a perfectly homogeneous material, consistent in 
strength, and a vessel subjected only to uniform internal pressure, 
the thickness as derived by Lamp’s formula would suffice without 
recourse to any adjustment. The nearest semblance to this ideal 
vessel would appear to be the solid-drawn tube, whose particular 
mode of fabrication is in favour of producing homogeneity, thus 
ruling out those disquieting tendencies usually associated with 
materials of cast form. Consequently, a much smaller wall thickness 
is permissible in vessels of wrought construction and a stricter 
compliance with the results of pure theory more readily acceptable. 
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Lamp’s formula is as follows 

__ /TjTtZ 

l_ a L N f.-P 



. Eq. 15.12 


where t = thickness of wall 

d == internal diameter of branch 

f = safe working stress 

tv 

and b = working pressure . . 

Note that the formula breaks down when the value of* is equal 

to, or greater than,y^. 



Fig. 15.12. Working Stresses for Carbon and C-Mo Steel Valve 

Bodies according to Temperature 


Under normal temperature conditions (say up to 350 F),^ may 


have the following values— 

» 

Ordinary cast iron . 
Ordinary gunmetal castings 
Admiralty gunmetal castings 
Carbon steel castings 
Carbon steel forgings 


3,000 lb/in. 2 
5,600 lb/in. 2 
. 6,000 lb/in. 2 

. 12,500 lb/in. 2 
. 16,000 lb/in. 2 


For more elevated temperatures values should be adopted in 
accordance with those indicated graphically in Fig. 15* 12 an d 
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greater discrimination exercised in the selection of the materials 

employed. In this connexion the curves also given in Fig. 15.10 for 

non-ferrous materials will be found useful, bearing in mind that the 

stresses indicated in this particular graph are ultimate —not working 

—stresses, necessitating the adoption of a suitable factor of safety 
say, not less than 6. 

A useful empirical formula for valve chests of circular cross- 
section is that given in the Indian Boiler Regulations , namely 


? 


pd 


+ X 


Eq. 15.13 


where t thickness of wall in ^ in., p and d are as before and 
C and X are constants derived from Table 15.4 below. 


Table 15.4 


Casting Material 


Cast Steel, 28-35 tons/in. 2 U.T.S. . 

400 

8 

Cast Iron, at least 9 tons/in. 2 U.T.S. . 

160 

6 

Bronze, at least 14 tons/in. 2 U.T.S. . 

*75 

4 


No figures are given in this formula for materials other than 
castings, and these of average composition and strength. 

The foregoing formula gives results which comply with practical 
requirements and it will be noted that a constant X has been 
included so as to provide for a minimum wall thickness compatible 
with moulding requirements. Thus in those cases where the pressure 
is of negligible amount the formula would provide for a wall 
thickness at least equal to X , giving values of J in. for cast steel, 
^ in. for cast iron, and J in. for bronze, even at zero pressure. 

There cannot be any logical objection to the embodiment of these 
constants in the Lame formula given previously (Eq. 15.12) which 
may be rewritten as follows 



+ * 


. Eq. 15.14 


X , in this case, being J in. for steel castings, in. for iron castings, 
and J in. for bronze castings. (In the Indian Boiler Formula X is 
given as a whole number but the resulting answer is in ^ in. 
Confusion might easily occur on this account which explains the 
reason for repeating the values in their fractional form.) 
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The graph shown in Fig. 15-13 serves to illustrate the com¬ 
parative results as derived by Eq. 15.13 and 15.14 r ° m w ki 
Itfill be seen that they are in relatively close agreement. Working 
pressure and working stresses appropriate to the materials selec e 
have been chosen, and these are indicated on the curves. 



Fig. 15.13. Wall Thicknesses 

Thickness as derived by Indian Boiler Formula 
Thickness as derived by modified Lam 6 Formula 
Thickness as derived by B.S. 806: 1942 Formula 


As an additional guide to the design of truly cylindrical branch 
pieces, B.S. 806: 1942, Ferrous Pipes and Piping Installations , may be 
consulted, wherein empirical formulae and data are given governing 
the design of mild-steel, wrought-iron, cast-steel, and cast-iron 
straight steam pipes and bends, although it must be understood 
that the Rules prescribed refer specifically to pipes, no mention 
being made as to their applicability for determining the wall 
thicknesses of valves and kindred fittings. 

These rules are repeated hereunder. 

Mild-steel and Wrought-iron Steam Pipes 



+ 0-09 . 


. Eq. 15.15 



Table i^.s. Values of S 
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where t = minimum thickness in inches 
p __ design pressure in lb/in. 2 
D = external diameter of tube in inches 

s= allowable working stress in lb/in. 2 , as specified in 
Table 15.5 (Table 2 in B.S. 806: I 94 2 ) 

e = Efficiency Factor 
= 1 -o for weldless steel tubes 

= o-g for welded steel or wrought iron tubes for values of 
t up to and including | in. 

= 0-85 for welded steel tubes for values of t over 5 in. and 
up to and including i J in. 

= o*8o for welded steel tubes for values of t over i £ in. 

/ 


Cast-steel Straight Pipes and Bends 



Pd , . 

— + o*o 1 §d + 0*25 
20 



. Eq. 15.16 


where t = minimum thickness in inches 
p = design pressure in lb/in. 2 
d = internal diameter of pipe in inches 
and S = allowable working stress in lb/in. 2 , as specified in Table 

15.6 (Table 3 in B.S. 1803: 1942) 


Table 15.6. Values of S for Cast Steel 


Allowable Working Stress (lb/in. 2 ) for Design Temp, in °F 

over— 



550 

600 

650 

700 

750 

800 

850 

875 


up to and including— 


550 

600 

650 

700 

750 

800 

850 

875 

900 

10,000 

9,ooo 

8,000 

7.560 

7,200 

6,750 

6,300 

5,280 

4,400 


For purposes of comparison the graph of Fig. 15.13 includes 
one curve based on results obtained from the foregoing formula in 
respect of pipes for a design pressure of 5 00 lb/in. 2 . It will be seen 
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that the thicknesses are in excess of those obtained by any other 
methods previously advocated and suggesting that the formula 
might be applicable for valve chests or branch pieces of truly 
cylindrical cross-section. 


Table 15.7. Thickness of Cast-iron Straight Pipes and 

Bends for Steam and Feed 


Bore 

d 

(in.) 

Minimum Thickness in Inches for Working Pressure of— 

Up to 50 lb/in. 2 

Over 50 up to 
and including 
100 lb/in. 1 

Over 100 up to 
and including 
150 lb/in. 2 

Over 150 up to 
and including 
200 lb/in. 2 


Steam and Feed Pipes 

Feed Pipes only 

2 

0-31 

o*34 

036 

o-39 

2* 

032 

o-35 

038 

0-41 

3 

o-34 

037 

0-40 

o-44 

3 h 

o*35 

o*39 

0-42 

047 

4 

036 

0*40 

o-45 

o-49 

4* 

0-37 

042 

047 

052 

5 

o*39 

044 

o-49 

0*55 

6 

041 

0*47 

0*53 

o-6o 

7 

044 

0-51 

058 

065 

8 

0-46 

o-54 

0*02 

0*72 

9 

0*48 

o*57 

o-66 

0*76 

10 

051 

o-6i 

0*71 

o-8i 

11 

o*53 

064 

o*75 

0-87 

12 

056 

068 

079 

092 


Cast-iron Straight Pipes and Bends for Steam and Feed . No formulae 
are given for determining the wall thickness in the cast of cast-iron 
pipes and bends; instead, tabulated data covering the whole range 
of pipe diameters from 2 in. to 12 in. is included. This data is 
repeated in Table 15.7 (Table 4 in B.S. 806: 1942). The thicknesses 
tabulated therein are based on the same formula as that advocated 
for cast steel but with a reduced stress value of 

S = 3,000 lb/in. 2 





CHAPTER 16 


gearing for manually-operated valves 

Where the torque required to operate a screw-down valve 
W P rU o ooo lb-in some form of reduction gearing is warranted, 
"fTne Lan unaided L to operate the valve effectively. For torque 
values less than this figure reduction gearing could also be incor¬ 
porated with advantage, enabling the valve to be operated with a 
minimum of muscular exertion, a factor to be considered when 
valve in question has to be repeatedly opened and closed, an 

frequent intervals. 

Limitations of Direct Operation 

The limiting value of 3,000 lb-in. for the torque ,s determined 

from the dual Consideration of the maximum diameter of handwheel 
it is convenient to employ, and the maximum manual effort which 
can be applied effectively. The former may be taken as 30 in 
since handwheels in excess of this diameter do not readily permit° 
full advantage being taken of the manual effort exerted and, in this 
connexion, a net effort of 100 lb may be regarded as the maximum 
which a man of normal physique may apply to the rim, and lower 
values might be used as a basis for design with advantage. T 
product of these two maximum values gives a value for torque o 

3,000 lb-in. 

Many screw-down valves devoid of any form of reduction 
gearing necessitate the application of a torque very much in excess 
of this figure to close them effectively, either as a result of an 1 
conceived choice of actuating screw mechanism, or to the absence 
of any means of lubricating the working parts, thus requiring the 
combined exertions of more than one man to secure effective 
closure. This is a most undesirable attribute in any valve, and one 
militating against a rapid shut-down in an emergency such as 
might be occasioned, for example, by a burst steam pipe. 

Reduction gearing, therefore, in some form or another, provides 
the answer to the problem of obtaining the necessarily high torque 
required to operate the larger valves; but this provision un¬ 
fortunately, is conspicuously absent in the majority of large-bore 
valves where the torque required to operate them effectively is ot a 

fairly high order. 


3 Sl 
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In the majority of cases single-reduction spur gearing will suffice, 
although double-reduction spur, or single-reduction worm, gearing 
may provide a more satisfactory alternative in the case of very 
large-bore valves where the torque required is proportionately 
higher. In gearing of this description where the rubbing velocity 
is of a very small order, the teeth may be proportioned from con¬ 
siderations of the bending stresses imposed, rather than from 
considerations of surface stress and wear resistance, the two principal 
factors to be considered in the case of high-speed transmission 
gearing wherein alloy steels are generally employed in order to 
cater for the more arduous conditions imposed. 

In the case of gear-operated valves, cast-iron machine-cut 
gearing is generally satisfactory from every viewpoint and calls for 
nothing more elaborate. Phosphor-bronze gearing is sometimes 
employed in lieu of cast iron, more for the sake of appearance than 
from enhanced strength, and then only in the case of very small 
valves where the additional expense is slight. 

Conditions of Tooth Engagement in Spur Gears 

Consider the forces which are brought into play in the case of a 
single spur reduction gear, an element of which is depicted in 
Fig. 16.1, the illustration being stripped of all superfluity of detail 
for a clearer understanding of tooth behaviour and the various 
factors involved. 

The wheel is required to transmit a torque £) to the valve actuating 
spindle, and this will give rise to a tangential driving force F t at 
the common pitch line tangent plane, such that 

2 0 

F t = • • • Eq. 16.1 

where D = pitch diameter of wheel . 

This tangential force F t may be resolved into two component 
forces, F n (whose line of action is normal to the mutually contacting 
tooth surfaces), and a radial force F r . It will be seen that the radial 
force 

F r = F t tan tp 
and the normal force F n = F t sec tp 
where tp is the pressure angle. 

The line of action of the normal force F n will make an angle of tp 
with the common pitch plane. 
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p will produce a bending effect in the valve spindle to which the 
wheel is fitted and the spindle should be proportioned accordingly, 
having regard to the additional necessity of providing for the 

“S SSn purpose of .hi, chap.or however, is ,0 establish rules 
for^the design P of the gears themselves, the design of valve spindle 



PINION 

Fig. 16.1 


having been dealt with in preceding chapters. It is desired, there¬ 
fore, to determine the essential tooth proportions for a given 
wheel-and-pinion combination having regard to the torque to be 

transmitted. . . , . . r ^ - 

The point of application of the tangential driving force 1 1 

imparted by the pinion will be displaced with cylic regularity from 



Fig. 16. i according to the approach and 
tooth, and this leads to complications, the 
tooth interaction being unworthy of the 
in the case of valve gearing, since so many 
be made. 
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the position shown in 
recess of the engaging 
detailed study of the 
mental effort expended 
assumptions require to 

Consequently, the driving force F t may be taken always 

to operate in the direction of the 
common tangent plane determined 
by the pitch circles of the wheel 
and pinion, and is therefore imparted 
at all stages of approach and recess 
at the common pitch point, as shown 
in Fig. 16.2. 

Assuming that the tangential force 
F t is transmitted by only one tooth at 
a time the bending moment M t im¬ 
posed on each tooth as it comes into 
engagement will be 



M t = F t d 


Eq. 16.2 


where d is the dedendum, and (from Eq. 16.1) 


M t 


2Q, 

D 


.d 


. Eq. 16.3 


If w is the face width of the gear, then treating the tooth as a 
cantilever loaded as in Fig. 16.2, its sectional modulus Z may be 
determined from the fundamental expression 

Eq. 16.4 

where t = the thickness of the tooth at the root. Whilst t will vary 
according to the number of teeth in the wheel (or pinion), for all 
practical purposes it may be taken to equal o-6 p where p is the 
circular pitch. Amending Eq. 16.4 accordingly 

w( 0’6p) 2 

Z = -g-= 0*06 wp 2 . . Eq. 16.5 

From the fundamental expression for bending 

M = fZ 

where M is the bending moment andy* the stress induced. 
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.T , hendiner moment in the present case, say M„ will be 
, ^° ed fr om the product of the tangential force F t and the dedendum 

of?he tooth, which may be taken to equal 0-4 p, 

whence = °'^ F < ’ 

Substituting for F t from Eq. 16.1 


. Eq. 16.6 


2Q,__ o-8 Qp 
M t = o-\p X -g- - • 


D 


. Eq. 16.7 


Since 

where Z is the section modulus > 

o*8 QP 


M t =fZ 


D 


0*06 wp 2 f 


whence 


13-330 , 

p - wDf 


For good quality cast iron the safe tensile stress f, may be taken 
equal to 3,000 lb/in. 2 and for cast phosphor-bronze 6,000 lb/m. 

If n , is the torque to be applied to the pinion shaft, 0* the torque 
to be applied to the valve spindle, D the pitch diameter of the whee , 
and i the pitch diameter of the pinion, then, neglecting friction, 

the following relation will obtain 

* 0.1 



F t = 

20,2 _ 
" D 


0,2 

di 

or 

D ‘ 

“ d 


Q.i = 

0 ,2* 

whence 

D 

If the efficiency 

of the drive 

is rj then 


0.1 

"H. B- 

0? ^ 

II 


. Eq. 16.8 


. Eq. 16.9 


If ?7 is expressed as a percentage then Eq. 16.9 may be written 


_ 100 d 2 d 

^ 1 — Drj (per cent) 


. Eq. 16.10 
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The value of rj is difficult to establish since this depends not so 
much on the frictional resistance of the teeth contacting surfaces 
themselves as upon the method of mounting and other extraneous 
factors. Some assumption will require to be made depending upon 
the circumstances of installation. The efficiency rj may be taken as 
95 per cent for machine-cut gearing and 80 per cent for cast gearing. 



Double-reduction Gearing 

Where single stage reduction gearing is still insufficient to 
provide an initial torque consistent with that which the average 

operator can apply, it becomes imperative to adopt double-reduction 
gearing. 

This may take the form of double-reduction spur gearing, a 
typical example of which is shown diagrammatically in Fig. 16.3 
which also incorporates a closure indicator of the geared dial type. 
It will be noted that both the primary and secondary shafts have 
identical squared terminations for engaging a driving handle, this 
providing what is virtually a two-speed gear, a low ratio for initial 
opening or closing and a high ratio for accelerating the operation 
of the valve when the higher seating, or unseating, forces have 
been overcome. Alternatively, combined spur-and-bevel double¬ 
reduction gearing may be employed, as shown diagrammatically 
in Fig. 16.4 in which the two-speed provision mentioned above 
may be similarly featured. 

Finally, but by no means exhaustive of the possibilities of 
employing other forms of reduction gearing, combined spur-and- 
worm reduction gearing as typically depicted in Fig. 16.5 may be 
adopted where again the two-speed arrangement is a feature of 
the design. 
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In all cases of geared valve operation machine-cut gearing is 
uperior to cast gearing from the dual standpoints of ease of operation 
Ind assembly. Cast gearing invariably calls for some amount of 
“fitting” which is time wasting and invariably negatives any 
attempts at interchangeability of the parts in question. With worm 
reduction gearing a single-start worm should be employed. This 



Fig. 16.4. Double-reduction Spur- Fig. 16.5. Double-reduction 

AND-BEVEL GEARING SpUR-AND-WORM GEARING 


item may be machined from mild-steel bar or, depending upon the 
size and number required, may be a steel forging. The wheel 
itself may be of cast iron, although good practice favours a cast-iron 
centre with phosphor-bronze rim. 

Combined Spur-and-worm Reduction Gearing 

In any attempts to formulate rules governing the design of this 
type of gear, it must be appreciated that the frictional resistance, 
not only of the gearing itself, but of the various bearings, will defy 
accurate analysis of the forces obtaining and their accompanying 
stresses, and the results obtained must be regarded as approximate. 
Reference is directed to the diagrammatic layout shown in Fig. 16.6. 
If is the torque to be applied to the worm wheel and D w the pitch 
diameter of the worm wheel then the tangential driving force F t ' to 
be imparted by the worm will be given by 

F *' = jr ■ ■ Eq.16.11 

^ W 

This force F t ' represents the requisite axial thrust of the worm 
which may now be determined. The first fact to be established is 
the mechanical efficiency rj w of the worm and it may be mentioned that 
this depends upon the lead angle, the coefficient of friction, the 
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nonnal inclination of the thread profile and the position of the 
point of contact. The latter is generally situated at the pitch point, 
in which case the simplest expression for the fractional efficiency 
of a worm is given by 


tan A 



Fig. 16.6 


which is identical with the expression for a square-threaded screw. 
Actually the efficiency of a worm is given by 

tan A 

Vu ~ tan (A + &) 

where <f) c is a corrected angle of friction embodying the normal 
pressure angle, and tan </> c = /* sec y) n where rp n is the normal 
pressure angle. 

Such a refinement is scarcely justified in the present case where 
the value of //, the coefficient of friction, is subject to so much doubt 
and speculation. 

Proceeding then, the efficiency rj w may be determined from the 
simpler expression given in Eq. 16.12 which involves a knowledge 
of the lead angle A and the coefficient of friction /*. 

* Actually this expression is not strictly correct, the efficiency varying throughout 
one revolution of the worm, due to changes in direction of the reaction between 
the contacting surfaces, but the error is so slight as to be inconsequential. 



Now 
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where p is the pitch (in the case of single-start worms) and d w is the 
pitch diameter of the worm, and there would be no point in using 

a multi-start worm in valve operating gear. 

Also tan <j> = the coefficient of friction. 

The choice of a suitable pitch and pitch diameter is best settled by 
trial and error, afterwards making any suitable amendments as 
may be deemed necessary when adequacy of strength of the worm 

teeth has been established. 

If Q,2 is the torque to be imparted to the worm in order to 
produce axial thrust of magnitude F t ' then neglecting friction for the 
moment and considering one complete revolution of the wormshaft 


Work done on worm = Work done by worm 


or 



Taking friction into account 

2 irQjtfw = F tP 


whence 


or 


a.= 

0.2 = 


FtP 

2-nrj w ' 

100 f ip 

2tt 17 „ (per cent) 


. Eq. 16.13 
. Eq. 16.14 


As previously pointed out the efficiency is a function of the co¬ 
efficient of friction, the latter being a most elusive factor since so 
much depends upon the nature of the lubricant (if any) employed. 
One frequently finds that no provision is made for lubricating 
valve gearing although this should not provide any excuse for an 
occasional shot from the oil can. The value of therefore, may 
vary over a wide range and taking the worst case, where the gears 
are running dry, a value of 0*20 to 0*25 may be adopted for mild 
steel and cast iron in combination. Where adequate totally enclosed 
oil-bath lubrication is provided, substantially lower values may be 
adopted, say 0*02 to 0-04 according to the quality of the lubricant, 
the advantage of which will be obvious. 

The determination of the percentage efficiency for various lead 
angles and coefficients of friction may be simplified by referring to 
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the curves given in Fig. 16.7 whilst for the lead angles more commonly 
adopted m this class of work interpolation is facilitated by using 
the curves in Fig. 16.8. which are drawn to an enlarged scale. 

The value of Q, 2 obtained from Eq. 16.13 takes no account of 
the frictional resistance imposed by the journal or thrust bearings, 



and this should not be overlooked. In this connexion the incorpora¬ 
tion of ball journal and thrust bearings is a wise inclusion and one 
to be recommended. 

Where plain journal and thrust bearings are employed the extent 
of their combined frictional resistance defies accurate computation, 
but one might attempt to determine the torsional resistance set up 
by the thrust bearing, under the influence of the axial force F t ' 
previously determined, with every prospect of arriving at a reliably 
accurate figure. The journal friction will be ignored as this will 
be small in comparison with that of the thrust bearing. 

If r x and r 2 denote the outer and inner radii of the thrust bearing 
respectively, then the moment of friction (or torque required to 
overcome the friction of the bearing) will be given by 



. Eq. 16.15 


The value of fi may be taken equal to 0-15 for steel on bronze, 
unlubricated. Obviously Q f must be added to the value of 
previously determined from Eq. 16.13; then total torque 
to be applied to the worm shaft will be given by 

Qt — Qjh~ 1“ Q~f • 


. Eq. 16.16 
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It is only required to determine Qj, the initial torque to be applied 
to the shaft of the driving pinion whose pitch diameter is denote 

by d s in Fig. 16.6. . 

It has already been seen, in the case of the single spur gear 

previously investigated, that the torque to be applied to the primary 



Fig. 16.8. Efficiency Curves—Worm Threads 


shaft is proportional to the ratio of the pitch circle diameters of the 
mating gears; then in this case 





d,{ ft, + ft/) 

D ,V> 


. Eq. 16.17 


or 



. Eq. 16.18 


iood s d 2 
D sVs (percent) 


. Eq. 16.19 


where d s and D s are the pitch diameters of the pinion and wheel 
respectively and rj % is the efficiency of the spur gears. 
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The pitch of the worm wheel teeth may be determined in a 
manner similar to that advocated in the case of straight spur gears 
earlier in the present chapter, bearing in mind that the teeth will 
be somewhat more resistant to bending in the case of worm gears 
due to the curvature of their helical configurations. 

Consider the following example by way of illustration. 

Example 

The torque required to seat a large wedge-gate sluice valve is found to 
e 12,000 lb-in. It is proposed to employ combined spur-and-worm 
reduction gearing with plain bearings, unlubricated, and as diagram- 
maucally portrayed in Fig. 16.6. The effective pitch diameter of the 
worm wheel is 12 in., the mean effective pitch diameter of the worm 3 in., 
and the pitch 1 m. The primary spur-pinion is 5-in. pitch diameter and the 
spur-wheel 15-in. pitch diameter; the outer and inner diameters of the 
thrust washers are 3 in. and 2f in. respectively. Ignoring the effects of 
journal friction (except, perhaps, to make allowance for same in the final 
result) determine the initial torque to be applied. 

Solution 


Tangential driving force F t ' = — X _ 12,000 

12 

= 2,000 lb. 

The lead angle of the worm will require to be determined as a preliminary 
to computing its efficiency. 

Thus 


tan A = = ——- = 0-1061 

Trd w 77 x 3 


whence A = 6° 3' 

Also, tan <f> = /li — 0-2 

whence from trigonometrical tables 

<f> = n° 19 ' 

From Eq. 16.12 

Fractional efficiency of worm rj w = 


tan 6° 3' 


From Eq. 16.13 (or 16.14) 


Torque = 


tan (6° 3' + 11° 19') 

tan 6° 3' 
tan 17 0 22' 

0-1061 
— 0-3127 

= o *339 ( or 33*9 P er cent) 
2,000 x 1 


2 x 3-14 x 0-339 
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0 /« 


To this value must be added the torque required to overcome the frictional 

resistance of the thrust bearing; then from bq. ib.15 

2 X 0-15 X 2,000 {(i*) s — 0 £) 8 } 

3 {(ii) a -(■*)'} 

= 398 lb-in. (approx.) 

Then (from Eq. 16.16) 

Total torque Q. r = 94 1 + 39 8 

= i ,339 lb “ in - 


The initial torque to be applied to the primary pinion may now be 
determined from Eq. 16.17 (or 16.18) assuming a fractional efficiency rj, 

of 0-9, or 

Q = 5 X ; >339 
15 x 0*9 

= 492-2 lb-in. 


Thus it will be seen that the initial torque is but roughly one twenty-fourth 
of that required to be imparted to the actuating spindle, reducing the 
manual effort to a figure consistent with that which should cause no undue 
expenditure of muscular effort. With a crank type handle, of say, 12 in. 
effective radius, an effort of only 41 lb (approx.) would be necessitated 
and this is well within the capabilities of the average operator. 

By a little judicious rearrangement of the essential gear ratios, and the 
incorporation of ball bearings, even this fairly low figure could be reduced. 


Stresses in Wor 


I I 


l Shaft 


The worm shaft, which should preferably be integral with the 
worm, will be subjected to an axial thrust F t ', a twisting moment 
d T and a bending moment M„, the latter not yet having been 
determined but will be the subject of later investigation. 

These three subjections will collectively induce direct and shear 
stresses, and any calculations relative thereto should preferably be 
based on a shaft equal in diameter to the root diameter of the worm. 
Whilst the threads themselves may impart some measure of 
additional strength to the worm shaft, their contribution to the 
strength of the shaft as a whole should be disregarded. 

Let the stress induced by the axial thrust F t ' be denoted by S a , 
the stress induced by the twisting moment Q T b Y S t > an< ^ stress 
induced by the bending moment M w by S b . If d m denotes the 
diameter of the worm shaft, then for axial thrust 




°* 7 8 5 dJS a 



1*273 




(tensile or compressive stress) 


. Eq. 16.20 


. Eq. 16.21 
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For torsion 


&T=^dJS t =o-i 9 6dJS t 

or, S t = 
and, for bending 




dj 


{shear stress) 


= “ d n?S b = 0-098 djs b 


or 


10-2 M. 


W 


dj 


{tensile or compressive stress) 


. Eq. 16.22 


. Eq. 16.23 


. Eq. 16.24 


. Eq. 16.25 


If these loads act simultaneously the combination of a shear stress 
S t and a direct stress (equal to S a -f- S b ) will produce a maximum 
principal stress S 9 such that 



. Eq. 16.26 


(which will be either tensile or compressive according to S a ), and a 

maximum principal shear stress denoted by the expression under the 
radical. 

The best procedure to follow in designing a shaft to satisfy this 
combination of loading is to adopt trial and error tactics, selecting 
a tentative diameter d m and determining the stress, subsequently 
modifying the diameter until the stress obtained indicates that the 
selected diameter is of the right order. 

The solution to the previous numerical example might be ampli¬ 
fied by determining the size of worm shaft required but before 
attempting any calculations it is necessary to determine an expression 
for the bending moment imposed. 

For all practical purposes the bending moment will be that 
determined by the product of either of the loads on the journal 
bearings and the distance from the point of support to the centre 
of the worm. It will be necessary, therefore, first to determine the 
load taken by each journal bearing. Referring to the diagrammatic 
representation of the forces acting on the worm depicted in Fig. 16.9, 
let 


d w = pitch diameter of worm 

F c = tangential thrust at pitch circumference of worm (this 

will also be the thrust of the worm wheel) 

F t ' = axial thrust of worm or tangential thrust of worm wheel 

(as previously determined) 
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d T = maximum torque applied to worm shaft (as previously 

determined) 

s — span between worm shaft bearings 


then 

F c . — 
c 2 

whence 

F 0 


a 


T 


tending to bend the worm shaft 
d.n 



Fig. 16.9 


Hence the bending moment in the worm shaft will be given by 



F_l 

4 



Q,t s 

2d v, 


Eq. 16.27 


Substituting for M w in Eq. 16.25 



5' 1 Q,t s 

dJJ 


Eq. 16.28 


The stress in the worm shaft of the previous numerical example 
may now be determined. 

Assume a diameter of shaft equal to that of the root diameter of the worm, 
i.e. 2£in. (for all practical purposes), and assume the effective distance 
between the bearing(s) is 9 in. 
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From Eq. 16.21 


= 


1*273 X 2,000 
( 2 «* 


502 lb/in. 2 (tensile or compressive stress) 


From Eq. 16.23 

c _ 5*1 X 1,339 

“ (2^)3 = lb/in . 2 (shear stress) 

From Eq. 16.25 or, from the amended form given in Eq. 16.28 
c _ 5 * 1 X 1,339 X 9 

b 3 X (2£) 3 = 1 J 79 ° lb/in. 2 (tensile or compressive stress) 


From Eq. 16.26 
Maximum principal stress 


c _ 502 + 1,790 . 

^-2- + 


fi 


502 + 1,790) 2 


+ 599 * 


-’ 35 1 lb/in. 2 (tensile or compressive stress according to the nature of S a ) 


From this result it may be deduced that a worm shaft of 2 1 -in. 
diameter is of ample strength to resist the various forces simul- 

principal stress 

derived above is of low order. The worm shaft in the vicinity of 
the journals may therefore be reduced in diameter provided sudden 
changes in section are avoided, maintaining the diameter at 2 J in. 
in close proximity to the worm threads. 



APPENDIX I 


TABLES OF PIPE FLANGES FOR LAND USE 


Table A 
Table B 
Table C 


Table D 


Table E 
Table F 
Table H 
Table J 
Table K 


> 


Table L 


Table M 
Table P 
Table R 
Table S 
Table T 


from B.S. io: Part i: 1947 


. from B.S. 10: Part 2: 1926 


. from B.S. 10: Part 3: 1929 

. from B.S. 10: Part 4: 1931 

. from B.S. 10: Part 5: 1932 


These Tables are reproduced by 
permission of the British Standards Institution , 
28 Victoria Street , London , S. W. 1 
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Table A: Flanges for Water 

Up to 212 F and up to i oo ft head (43-4 lb/in.*) working pressure (see clause 1) 


8 


Nominal 

Pipe 

Size 

Actual 
O.D. of 
Cast Iron 
Pipe 

Approx. 
O.D. of 
Wrought 
Iron or 
Steel Pipe 

Diameter 

of 

Flange 

Diameter 

of 

Bolt 

Circle 

Number 

of 

Bolts 

Diameter 

of 

Bolts 

Flange thickness 

Cast Iron; 
Leaded 
Bronze 
(B.S.898) 

Wrought Iron; 
Wrought Steel; 
Malleable Cast 
Iron 

(up to 6 in. 
nominal size) 

in. 

£ 

3 

in. 

in. 

■ 

in. 

3 i 

in. 

2f 

4 

in. 

£ 

in. 

£ 

in. 

& 

t 

■ 

iik 

4 

* 2 £ 

4 

£ 

£ 

ft 

I 


iff 

4 i 

3 i 

4 

£ 

£ 

ft 

if 


iff 

4 f 

3 ^r 

4 

£ 

£ 

£ 

if 

2*20 

>1 

5 f 

3 f 

• 

4 

£ 

£ 

£ 

2 

2-72 

2 | 

6 

4 £ 

4 

1 

£ 

ft 

3 

3 f 

3*24 

3-76 

4'26 

3 

3 f 

4 

6£ 

7 f 

8 

5 

5 f 

6£ 

4 

4 

4 

1 

£ 

£ 

if 

if 

£ 

■& 

f 

£ 

4 

4-80 

4 f 

8£ 

7 

4 

f 

£ 

8 

£ 

5 

5*90 

5 f 

10 

8f 

4 

i 

£ 

O 

1 

6 

6-98 

6£ 

11 

9 f 

4 

0 

f 

i£ 

2 

£ 

7 

8*o6 

7 f 

12 

1 of 

8 

£ 

if 

£ 

8 

9 -i 4 

8£ 

. J 3 f 

nf 

8 

£ 

£ 

A 

£ 

9 

10*20 

9 f 

i 4 f 

I2f 

8 

£ 

£ 

£ 

10 

I 1*26 

iof 

16 

x 4 

8 

£ 

if 

£ 

12 

I 3 *I 4 

I2f 

18 

16 

8 

£ 

if 

£ 

H 

15*22 

1 4 * 

20| 

i8f 

8 

£ 

1 

£ 

X 5 

l6*26 

I 5 f 

21 £ 

x 9 f 

8 

£ 

1 

0 

£ 

16 

I 7*30 

i6f 

22f 

20f 

12 

£ 

1 lb 

£ 

18 

19*38 

i8£ 

25 f 

23 

12 

£ 

1 tV 

£ 

20 

21*46 

20f 

27 i 

25 f 

12 

£ 

if 

£ 

21 

22*50 

2l£ 

29 

26f 

12 

£ 

if 

£ 

22 

23*54 

22* 

30 

27 £ 

12 

1 

1 if 

£ 

24 

25*60 

24 f 

32 f 

29 i 

12 

1 

1 if 

£ 

26 

27*66 

26f 

33 f 

3 °£ 

16 

1 

if 

£ 

27 

28*70 

27 £ 

34 f 

3 X £ 

16 

1 

if 

£ 

28 

29*72 

28f 

35 f 

32 f 

20 

1 

if 

£ 

30 

3 1 *78 

3 °£ 

37 i 

34 f 

20 

1 

if 

1 

32 

33*84 

32 f 

39 f 

37 

20 

1 

if 

£ 

33 

34*88 

33 £ 

4 °f 

38 

20 

1 

if 

£ 

36 

37*96 

36 f 

43 f 

4 i 

24 

1 

if 

£ 

38 

40*02 

39 

45 £ 

43 

24 

1 

if 

£ 

39 

41*04 

— 

46 £ 

44 

24 

1 

if 

£ 

40 

42*06 

41 

47 £ 

45 

24 

1 

if 

£ 

42 

44*12 

43 

49 £ 

47 

28 

1 

if 

£ 

44 

46*16 

45 

5 X £ 

49 f 

28 

1 

i£ 

£ 

45 

47'*8 

— 

52 f 

5 °f 

28 

1 

i£ 

£ 

46 

48*22 

47 

53 f 

5 x f 

28 

1 

i£ 

£ 

48 

— 

49 

55 f 

53 f 

28 

1 

i£ 

£ 

54 

— 

55 

62£ 

59 f 

28 

i£ 

if 

1 

60 

— 

61 

69 

66f 

32 

i£ 

if 

if 

66 

— 

67 f 

75 

72 f 

32 

i£ 

if 

if 

72 

— 

73 i 

81 

78 f 

36 

i£ 

if 

if 


Bolt holes. For f in. and £ in. bolts the diameter of the holes shall be ^ in. larger than the 
diameter of the bolts, and for larger sizes of bolts the hole diameter shall be £ in. larger. 

Bolt holes for valves and fittings shall be drilled off the centre line. 


398 




Table B: Flanges for Water 


Nom. 

Pipe 

Size 


in. 

$ 

$ 

1 

i$ 

i* 

2 

2 $ 

3 * 

4 

5 

6 

7 

8 

9 

io 

12 

14 

15 

16 
18 
20 
21 
22 
24 
26 

27 

28 
30 

32 

33 

36 

38 

39 

40 

42 

44 

45 

46 
48 


2 

3 

4 

Actual 
O.D. of 
Cast Iron 
Pipe 

Approx. 
O.D. of 

Wrought 
Iron or 
Steel Pipe 

Diameter 

of 

Flange 

1 > 


in. 


2-20 

2*72 

3 - 24 
376 

4- 26 
480 

5*90 

6-98 

8-o6 

9 i 4 

10*20 

11-26 

13**4 

16- 26 

17- 30 
I 9 * 3 8 

21- 46 

22- 50 
23*54 

25-60 

2766 

28- 70 

29- 72 
31-78 
33*84 
34*88 
37*98 

40- 02 

41- 04 

42- 06 
44-12 
46-16 

47 ' 18 
48-22 
50-26 


in. 
8 
1 8 
18 
18 
18 
2* 

3 

3 * 

4 
4 * 
5 * 
6* 

7 * 

8 * 

9 $ 

10$ 

12I 

14$ 

* 5 $ 

16* 

18$ 

20 $ 

21$ 

22 $ 

24 $ 

26$ 

27 l 

28! 

3 °$ 

32$ 

33 $ 

3 6 $ 

39 

41 

43 

45 

47 

49 


in. 


3 $ 

4 

4 $ 

4 $ 

5 $ 

6 

6 $ 

7 $ 

8 

8 $ 

10 

11 

12 

> 3 * 

14$ 

16 

18 

20 $ 

21 $ 

22 $ 

25 $ 

27 $ 

29 

30 
32 $ 
34 $ 
35 l 
37 $ 
39 $ 
4*1 
43 

46$ 

48$ 

49 $ 

50$ 

52$ 

54 $ 

55 $ 

56$ 

58$ 


in. 

2t 

2$ 

3 $ 

38 

3 f 

4 $ 

5 

5 $ 

6 $ 

7 

8 $ 

9 $ 

10$ 

n$ 

12$ 

14 

16 

18$ 

19$ 

20$ 

23 

25$ 

26$ 

27$ 

29$ 

32 

33 $ 

34 $ 

38$ 

38 $ 

40 

43 

45 

46$ 

47 $ 

49 $ 

51$ 

52$ 

53 $ 

55 $ 


5 

6 

7 

8 

9 

IO 

Diameter 

of 

Bolt 

Circle 

Number 

of 

Bolts 

Diameter 

of 

Bolts 

Flange Thickness 

Cast 

Iron; 

Leaded 

Bronze 

(B.S.898) 

Cast 

Steel; 

Bronze 

(B.S.1306) 

1 a 

Wrought 
Iron; 
Wrought 
Steel; 
Malleable 
Cast Iron 
(up to 6 in. 
nominal 
size) 

1 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

8 

8 

8 

8 

8 

8 

12 

12 

12 

12 

12 

16 

16 

16 

16 

20 

20 

20 

20 

20 

20 

24 

24 

24 

24 

28 

28 

28 

32 

32 


1* 

$ 

$ 

$ 

$ 

$ 

t 

I 

I 

I 

t 

I 

f 

$ 

I 

$ 

$ 

$ 

i 

f 

1 

f 

f 

f 

1 

1 

1 

1 

1$ 

1$ 

1$ 

1$ 

1$ 

1$ 

1$ 

1$ 

1 

1 

1 

1 

1$ 


$ 

$ 

$ 

I 

$ 

$$ 

$$ 

$ 

$ 

$ 

8 

8 

f 

f 

f 


1$ 

i$ 

1$ 

1$ 

1$ 

1$ 

if 

1$ 

1$ 

1$ 

1$ 

if 

if 

if 

1$ 

1$ 

1$ 

1$ 

if 

if 

2 

2 

2 


f 
f 
f 
$ 

$ 

$ 

$ 

8 

8 

8 

f 

f 

8 

8 

8 

$ 

$ 

f 

f 

f 


1$ 

if 

if 


8 

8 

8 

$ 

$ 

8 

8 

f 

f 

f 

$ 

$ 

$ 

$ 

f 

f 

f 

f 

f 

f 

$ 

f 

f 

f 

1 

if 

1$ 

1$ 

if 

if 

1$ 

if 

if 

if 

1$ 

1$ 

if 

if 

if 

2 


Bolt holes. For $ in. and f in. bolts the diameter of the holes shall be 8 in - lar g cr the 
diameter of the bolts, and for larger sizes of bolts the hole diameter shall be f in. larger. 

Bolt holes for valves and fittings shall be drilled off the centre line. 
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Table G: Flanges for Water 

Up to 212°F and up to 400 ft head (173 lb/in. 2 ) working pressure (see clause 1) 


Nom. 

Pipe 

Size 


Actual 
O.D. of 
Cast Iron 
Pipe 


Approx. 
O.D. of 
Wrought 
Iron or 
Steel Pipe 


Diameter 

of 

Flange 


Diameter 

of 

Bolt 

Circle 


Number 

of 

Bolts 


Diameter 

of 

Bolts 


Flange Thickness 


Cast 

Iron; 

Leaded 

Bronze 

(B.S. 898 ) 


Cast 
Steel; 
Bronze 
(B.S. 1306 ) 


Wrought 
Iron; 
Wrought 
Steel; 
Malleable 
Cast Iron 
(up to 6 in, 
nominal 


30 

32 

33 

36 

38 

39 

40 

42 

44 

45 

46 

48 


* 

426 

480 

590 

6-98 

806 

9*i4 
10*20 
I 1*26 

13*60 

15*72 

16*78 

17-84 

I9'98 

22*06 

23*12 

24*l6 

26*26 

28*36 

29*40 

30-44 

32*52 

34*62 

35*86 

38*76 

40*84 

41*88 

42*92 

45*00 

47 -o 6 

48* 10 

49**4 

51*20 


U 

1 

*tt 

I# 

*S8 

2 f 


4 

4 * 

5$ 

61 

7 l 

8 } 

9* 

io£ 

* 2 $ 

* 4 l 

*5* 

16$ 

18I 

2 o| 

211 
22 ^ 
24 ^ 
26J 
26J 
28J 
3 of 

32f 

33I 

36f 

39 



in. 

3f 

4 

4 * 

4f 

5i 

6 

6 i 

7i 

8 

8* 

10 

11 

12 

*3i 

*4* 

16 

18 

20| 

2*i 

22 f 

25 i 

27i 

29 

30 
32I 

34l 

35f 

37i 

39i 

4 if 

43 

46 i 
48 i 

49l 
5°1 
521 
54f 
55f 
561 
58 J 


2 | 

2 * 

3i 

3 A 

3* 

4l 

5 

5 l 

6* 

7 

81 

9i 

iol 

”1 

12I 


181 

*9i 

20I 

23 

25 I 

26I 

27 I 

29 I 

32 

33l 

341 

361 

381 

40 

43 

45 

461 

47l 

49l 

5*1 

52 l 

53l 

55l 




*1 

*1 

*1 

*1 

1 

1 

* 

1 

*1 

*1 

*1 

*1 

*1 


*1 

*1 

*1 

*1 

*1 

*1 

*1 

*1 

if 

if 

if 

if 

if 

if 

2 

2 

2 I 

2 I 

2I 

2I 

2I 

2f 

2f 

2f 


I 

t 

f 

1 

1 

•fr 

■fr 

A 

ft 

I 

f 

f 

f 

f 

l 


Bolt holes. For 1 in. and f in. bolts the diameter of the holes shall be ^ in. larger than the 
diameter of the bolts, and for larger sizes of bolts the hole diameter shall be 1 in. larger. 

Bolt holes for valves and fittings shall be drilled off the centre line. 
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Table D: Flanges for Pipes, Valves and Fittings 


For working steam pressures up to 50 Ib/in 


I 

1 (a) 

2 

3 

4 

5 

6(a) 

6(b) 

6(c) 

Nominal 

Pipe 

Size 

Actual 

Outside 

Diameter 

of 

Wrought 

Pipe 

Dia¬ 

meter 

of 

Flange 

Dia¬ 

meter 

of 

Bolt 

Circle 

Number 

of 

Bolts 

Dia¬ 

meter 

of 

Bolts 

Thickness of Flange 

Cast 

Iron 

Cast 

Steel 

and 

Bronze 

Iron or Steel 
(Stamped or 
Forged), 
Screwed or 
Riveted on with 
Boss, or Welded 
on with Fillet 



4 

4 

4 

4 

4 


4 

4 

4 

4 

8 

8 

8 

8 

8 

8 

8 

8 

12 

12 

12 

12 

12 

12 

12 

12 

16 

16 

16 

16 

16 




£ 

£ 

* 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 


1 

1 


1 

1 

i£ 

i£ 

1* 


in. 


£ 

£ 

£ 

£ 

£ 

& 

■fr 

ft 

ft 

£ 

£ 

£ 

£ 

£ 

£ 

£ 


1 



& 

-fs 

•& 

£ 

£ 

-& 

* 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 


i£ 

i£ 


* The Institution recommends that the use of these sizes be avoided. 

Thicknesses. The thicknesses given in this Table include a raised face of not more than ^ in. 
high if such be used. 

Bolt Holes. For £ in. and £ in. bolts the diameters of the holes to be ^ in. larger than the diameters 
of the bolts, and for larger sizes of bolts £ in. Bolt holes to be drilled off centre lines. 
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Table E: Flanges for Pipes, Valves and Fittings 

For working steam pressures above 50 lb and up to 100 lb/in. 2 


I 

i (a) 

2 

3 

4 

5 

6(a) 

6(b) 

6(c) 

Nominal 

Pipe 

Size 

Actual 

Outside 

Diameter 

of 

Wrought 

Pipe 

Dia¬ 

meter 

of 

Flange 

Dia¬ 

meter 

of 

Bolt 

Circle 

Number 

of 

Bolts 


Thickness of Flange 

Dia¬ 

meter 

of 

Bolts 

Cast 

Iron 

« 

4 

Cast 

Steel 

and 

Bronze 

Iron or Steel 
(Stamped or 
Forged), 
Screwed or 
Riveted on with 
Boss, or Welded 
on with Fillet 

1 

in. 

in. 

in. 

in. 


in. 

in. 

in. 

in. 

f 

ft 

3 l 

2| 

4 

f 

f 

f 

f 

i 

1 if 

4 

2f 

4 

f 

f 

• * 

f 

1 

iff 

4 f 

3 f 

4 

f 

f 

f 

& 

1* 

iff 

4 l 

3 ik 

4 

f 

I 

f 

■fir 


i» 

5 f 

3 f 

4 

f 

1 

f 

ff 

2 

2f 

6 

4 f 

4 

\ 

f 

■fir 

f 

2f 

3 

6f 

5 

4 

t 

i 

* 1 

if 

3 

3 f 

7 f 

5 l ! 

4 

1 

f 

"h 

if 

3 f 

4 

8 

6f 

8 

1 

f 

'fir 

if 

4 

4 * 

CO 

7 

8 

t 

* 

if 

f 

* 4 f 1 

5 

9 

7 f 

8 

t 

i 

if 

f 

5 

5 * 

10 

8f 

8 

\ 

* 

if 

■fir 

6 

6f 

11 

9 f 

8 

* 

* 

if 

if 

7 

7 f 

12 

1 of 

8 

i 

1 

i 

f 

8 

8f 

i 3 i 

nf 

8 

\ 

1 

f 

! 

9 

9 f 

1 4 f 

12! 

12 

\ 

1 

if 

if 

10 

io* 

16 

14 

12 

\ 

1 

f 

f 

*11 

nf 

17 

15 

12 

\ 

if 

if 

if 

12 

I2f 

18 

16 

12 

i 

If 

1 

1 

♦13 

14 

i 9 i 

i 7 i 

12 

* 

4 

1 

1 

14 

15 

20 J 

i8f 

12 

I 

1 f 

1 

1 

15 

l6 

2lf 

i 9 f 

12 

i 

if 

1 

1 

16 

17 

22 J 

20* 

12 

1 

if 

1 

1 

*17 

18 

24 

21 i 

12 

1 

if 

if 

if 

18 

19 

25 i 

23 

16 

i 

!f 

mm 

if 

if 

*19 

20 

26f 

24 

16 

i 

1 § 

if 

if 

20 

21 

27I 

25 f 

16 

1 

! f 

if 

if 

21 

22 

29 

26f 

16 

1 

1 f 

if 

if 

*22 

23 

30 

27 f 

16 

1 

1 f 

r 

if 

O 

if 

*23 

24 

3 i 

28* 

16 

1 

!| 

if 

if 

9 

24 

25 

32 f 

29 i 

16 

1 

if 

if 

if 


♦ The Institution recommends that the use of these sizes be avoided. . 

Thicknesses. The thicknesses given in this Table include a raised face of not more than ft in. 

^Bolt Holes. For \ in. and fin. bolts the diameters of the holes to be Birger than 

the diameters of the bolts, and for larger sizes of bolts f in. Bolt holes to be drilled off centre lines. 
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Table F: Flanges for Pipes, Valves and Fittings 

For working steam pressures abov e ioo lb and up to 150 lb/in . a _ 

'T'Tn ” I a. * ! 6(a) 6(d) 


1 (a) 


Actual 

T • 0 i Outside Diameter Diameter Number Diameter 
Nominal DiametC r f of of of 

*Pf of Flange J?olt Bolts Bolts 

Size Wrought Circle 

Pipe 


Thickness of Flange 

Cast Steel and 
Bronze; Iron 
or Steel 
(Stamped or 
Cast Forged), 

I ron Screwed or 
Riveted on with 
Boss, or Welded 
on with Fillet 


2i 

3* 

4l 

5 

6 


9 

10 

♦n 

12 

*13 

14 

15 

16 
♦17 

18 

*19 

20 

21 
♦22 

♦ 00 


in. 

» 

itt 
1 ‘ft’ 
ill 
2* 

si 

4 

4* 

5 

5i 

6 * 

7i 

81 

9l 

10* 

ill 

12I 

H 

15 

16 


in. 

3i 

4* 

5* 

5* 

61 

7* 

8 

81 


12 

i3l 

I4l 

16 


I9l 

20 j 
21* 

22f 

24 

25l 

26* 

27* 

29 

30 
3* 
321 

331 


in. 

2* 

2* 

3 tV 

3* 

4* 

5 

5* 

61 

7 

7l 

81 

9* 

ioi 

ill 

12! 


m. 


m. 


i7l 

18I 

i9l 

20 * 

2 I| 

23 

24 
25l 
26* 

27l 

28* 

29! 

3°1 


24 

24 

24 

24 

24 


1* 

1* 

1* 

i* 

1* 

i* 

it 

it 

it 

it 

it 

it 

it 

it 

it 

it 

it 


in. 

t 

t 

t 

1 

1 

t 


As altered 
June, 1927 


it 

it 

it 

it 

it 

i* 

it 

it 

it 

1* 

it 

it 

it 

it 


* The Institution recommends that the use of these sizes be avoided. 

Thicknesses. The thicknesses given in this Table include a raised face of not more 

than ^ in. high if such be used. . . , 

Bolt Holes. For 1 in. and * in. bolts the diameters of the holes to be -fc in. larger 
than the diameters of the bolts, and for larger sizes of bolts * in. Bolt holes to be 
drilled off centre lines. 


14—(T.710) 
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Table H: Flanges for Pipes, Valves and Fittings 

For working steam pressures above 150 lb and up to 250 lb/in.* 


i(a) 


6(e) 


Nominal 

Pipe 

Size 


m. 


2* 

3 

3* 

4 
*4* 

5 

6 

7 

8 


12 

**3 

*4 

*5 

16 

*17 

18 

**9 

20 

21 
*22 
*23 


Actual 

Outside Diameter 

Diameter Dlam _ eter of 


Wrought ^ a nge 
Pipe 


in. 

Si 

i-dr 

itt 

21 

3 

3* 

4 

4* 

5 

5* 

6 * 

7 * 

8 * 

9* 

10* 

Iii 

12 * 

! 4 

15 

16 


in. 

4* 

4* 

4* 

5* 

5* 

6 * 

7* 

8 

8 * 


! 3 * 

* 4 * 

16 


19* 
20 J 
21! 

22 f 

24 

25 * 

26* 

27I 

29 

30 

3 1 

32* 

33* 


Bolt 

Circle 


in. 

3* 

3* 

3 & 

3* 

4* 

5 

5* 

6 * 

7 

7* 

8 * 

9* 

io* 

11* 

12 J 


17 * 
18* 
19 * 
20* 
21J 

23 

24 
25* 

26* 

27* 

28* 

29! 

30 i 


Number 

of 

Bolts 


24 

24 

24 

24 

24 


Dia¬ 

meter 

of 

Bolts 


in. 

ft 

ft 

8 

ft 

ft 

ft 

ft 

ft 

ft 


Thickness 
of Flange 

Cast Steel 
and Bronze; 
Steel (Stamped 
or Forged), 
Screwed or 
Riveted on with 
Boss, or Welded 
on with Fillet 

in. 


1* 

1* 

i* 

ii 

H 

ift 

1* 

1* 

ift 

ift 

U 

ii 

ift 

ift 

2 


* The Institution recommends that the use of these sizes be avoided. 

Thicknesses. The thicknesses given in this Table include a raised face of not more 
than -fa in. high if such be used. 

Bolt Holes. For \ in. and f in. bolts the diameters of the holes to be in. larger 
than the diameters of the bolts, and for larger sizes of bolts £ in. Bolt holes to be 
drilled off centre lines. 
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Table J : Fla»o» »<» Pipo, Valve, ae» Frrr.EO, 

«b°», ■» IE 

- ■— i I I A 




Nominal 

Pipe 

Size 


in. 

i 

i 

1 

ii 

ik 

2 

2* 

3 

3 * 

4 
*4* 

5 

6 

7 

8 

9 

io 

*i i 

12 

*13 

*4 

*5 

16 

*i7 

18 

*ig 

20 

21 

*22 

*23 

24 


Actual 

Outside 

Diameter 

of 

Wrought 

Pipe 


in. 

H 

1 

i# 

2 S 

3 

3* 

4 

4 * 

5 

5* 

6* 

7 * 

8 * 

9 * 

io* 

Hi 

I 2 J 

14 

15 

16 

1 7 

J 8 

19 

20 
21 

22 

23 

24 

25 


Diameter 

of 

Flange 


Diameter 

of 

Bolt 

Circle 


Number 

of 

Bolts 


Dia¬ 

meter 

of 

Bolts 


Thickness 
of Flange 


Cast Steel 
and Bronze; 
Steel (Stamped 
or Forged), 
Screwed or 
Riveted on with 
Boss, or Welded 
on with Fillet 



* The Institution recommends that the use of these sizes be avoided. 

Thicknesses. The thicknesses given in this Table include a raised face of not more 

than is in. high if such be used. , , , . . . 

Bolt Holes. For £ in. and f in. bolts the diameters of the holes to be is in * larger 
than the diameters of the bolts, and for larger sizes of bolts £ in. Bolt holes to be 
drilled off centre lines. 
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Table K: Flanges for Pipes, Valves and Fittings 


For working steam pressures above 350 lb and up to 450 lb/in. a 


I 

1 ( a ) 

2 

3 

4 

5 

6 (e) 

Nominal 

Pipe 

Size 

Actual 

Outside 

Diameter 

of 

Wrought 

Pipe 

Diameter 

of 

Flange 

f 

Diameter 

of 

Bolt 

Circle 

Number 

of 

Bolts 


Thickness 
of Flange 

Dia¬ 

meter 

of 

Bolts 

Cast Steel 
and Bronze; 

Steel (Stamped 
or Forged), 
Screwed or 
Riveted on with 
Boss, or Welded 
on with Fillet 

in. 

in. 

in. 

in. 


in. 

in. 

4 


4 i 

34 

4 

4 

4 

i 

1 

44 

34 

4 

t 

4 

1 


5 

34 

• 

4 

4 

4 

*4 


54 

34 

4 

4 

4 

*4 


6 

44 

4 

4 

1 

2 

2 | 

64 

5 

8 

4 

1 

2$ 

3 

74 

54 

8 

4 

*4 

3 

3 i 

8 

64 

8 

4 

*4 

3 * 

4 

9 

74 

8 

4 

*4 

4 

4 * 

94 

74 

8 

4 

*4 

* 4 * 

5 

10 

84 

8 

i 

*4 

5 

54 

11 

94 

12 

4 

*4 

6 

64 

12 

104 

12 

4 

*4 

7 

74 

134 

* *4 

12 

1 

i 4 

8 

84 

*44 

*24 

12 

1 

*4 

9 

94 

16 

*4 

16 

1 

2 

10 

104 

*7 

*5 

16 

1 

2 

♦11 

1*4 

i8| 

*64 

16 

*4 

24 

12 

*24 

*94 

*7 

16 

*4 

, 24 

* *3 

14 

2*4 

*9 

16 

*4 

24 

14 

15 

224 

20 

16 

*4 

24 

1 5 

16 

234 

2*4 

20 

*4 

' 24 

16 

*7 

244 

224 

20 

*4 

24 


♦ The Institution recommends that the use of these sizes be avoided. 

Thicknesses. The thicknesses given in this Table include a raised face of not more 

than ***. *** such be used * . . . . , . . , 

Bolt Holes. For 4 in. and 4 in. bolts the diameters of the holes to be *m. larger 

than the diameters of the bolts, and for larger sizes of bolts 4 m. Bolt holes to be 
drilled off centre lines. 
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Table L: Special Welded-on Flanges for Pipe Lines 

(without Valves or Fittings) 

For working steam pressures up to 150 lb/in. 2 

---- ". 1 

4 


1 (a) 


Nominal 

Pipe 

Size 


in. 

2 

24 

•• 

3 

3 * 

4 

* 4 * 

5 

6 

7 

8 

9 

10 

*11 

12 

*13 

14 

15 

16 

*17 

18 

*19 

20 

21 

*22 

*2 3 

24 


Actual 

Outside 

Diameter 

of 

Wrought 

Pipe 


m. 

2 | 

3 

3 * 

4 
4* 

5 

5 $ 

6 * 

7 * 

8 * 

9 * 

io4 

ii* 

12* 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 


Diameter 

of 

Flange 


in. 

6 

6 * 

7 * 

8 

8 * 

9 

10 

11 

12 

i 3 i 

14* 

16 

17 

18 

19* 

20J 

21* 

22 * 

24 

25 * 

26j 

27* 

29 

30 

31 
32* 


Diameter 

of 

Bolt 

Circle 


in. 

4 * 

5 

5 * 

6* 

7 

7 * 

8 * 

9 * 

10* 

11* 

I2f 

14 

15 

16 

17 * 

l8* 

19 * 

20 } 

21* 

23 

24 

25 * 

26* 

27 * 

28* 

29 * 


Number 

of 

Bolts 


4 

4 

8 

8 

8 

8 

8 

8 

12 

12 

12 

12 

12 

16 

16 

16 

16 

16 

20 

20 

20 

20 

24 

24 

24 

24 


i 

l 

l 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

1 

1 

1 

1 

1 

1* 

1* 

1* 

1* 

1* 

1* 


5 

6(f) 


Thickness 

Dia- 

of Flange 

meter 

Iron or Steel 

of 

Bolts 

(Stamped or 
Forged) 

in. 

in. 


* 

* 
l 

I 

* 

* 

l 

* 

* 

* 

1 

1 

1 

1* 

1* 

1* 

1* 

1* 

1* 

if 

1* 

if 

1* 

1* 

1* 

1* 


* The Institution recommends that the use of these sizes be avoided. 

Thicknesses. The thicknesses given in this Table include a raised face of not more 

than in. high if such be used. , , . . , 

Bolt Holes. For * in. and f in. bolts the diameters of the holes to be * in. larger 

than the diameters of the bolts, and for larger sizes of bolts * m. Bolt holes to be 
drilled off centre lines. 
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Table M. Special Welded-on Flanges for Pipe Lines 

(without Valves or Fittings) 


For working steam pressures above 150 lb and up to 250 lb/in. 2 


I 

1 (a) 

2 

3 

4 

5 

8(g) 

Nominal 

Pipe 

Size 

Actual 

Outside 

Diameter 

of 

Wrought 

Pipe 

Diameter 

of 

Flange 

Diameter 

of 

Bolt 

Circle 

Number 

of 

Bolts 

Dia¬ 

meter 

of 

Bolts 

Thickness 
of Flange 

Steel 

(Stamped or 
Forged) 

in. 

in. 

in. 

in. 


in. 

in. 

2 

2f 

3 

6 

6& 

4 i 

5 

4 

4 

£ 

$ 

3 


7 i 

5 f 

8 

£ 

* 

3 * 

4 

8 


8 

£ 


4 

* 4 * 

4 i 

5 

8* 

9 

7 

7 i 

8 

8 

4 

$ 

£ 

I 

5 


10 

8i 

8 

* 

I 

6 

6 1 

m 

11 

9 i 

8 



7 

7h 

12 

ioi 

12 


4 

8 

8* 

* 3 i 


12 

* 

i£ 

9 

9 * 

14$ 

12I 

12 

I 

xi 

10 

io£ 

16 

>4 

12 

£ 


*11 


17 

15 

12 

1 

if 

12 

12* 

18 

16 

16 


1 1 

*13 

*4 

* 9 i 

! 7 i 

16 

1 


14 

15 

20J 

i8£ 

16 

1 

if 

15 

16 

21* 

* 9 i 

16 

1 

if 

16 

17 

22$ 

2o£ 

16 

1 

1 i 

*17 

18 

24 

2lJ 

20 

1 

1* 

18 

19 

25 i 

23 

20 

1 

i£ 

* *9 

20 

26J 

24 

20 

i£ 

’£ 

20 

21 

27J 

25 i 

20 

*£ 

2 

21 

22 

29 

26^ 

24 

i£ 

2 

*22 

23 

30 

27* 

24 


2£ 

*23 

24 

3 1 

28i 

24 

>£ 

2 i 

24 

25 

32 * 

29I 

24 


2i 


* The Institution recommends that the use of these sizes be avoided. 

Thicknesses. The thicknesses given in this Table include a raised face of not more 
than -fc in. high if such be used. 

Bolt Holes. For £ in. and £ in. bolts the diameters of the holes to be in. larger 
than the diameters of the bolts, and for larger sizes of bolts £ in. Bolt holes to be 
drilled off centre lines. 
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Table P: Special Welded-on Flanges for Pipe Lines 

(without Valves or Fittings) 


For working steam pressures above 250 lb and up to 350 lb/in. 8 


I 

V/ 

i (a) 

2 

3 

4 

5 

6(g) 

Nominal 

Pipe 

Size 

Actual 

Outside 

rv * 0 wi A** 

Diameter 

Number 

Dia- 

Thickness 
of Flange 

Diameter 

of 

Wrought 

Pipe 

uiameicr 

of 

Flange 

of 

Bolt 

Circle 

of 

Bolts 

meter 

of 

Bolts 

Steel 

(Stamped or 
Forged) 

in. 

2 

in. 

2$ 

1 

in. 

6 

in. 

4 * 

4 

in. 

in. 

* 

w 

2* 

3 

3 i 

6* 

7 i 

5 

5 f 

4 

8 

t 

1 

1 

1 

3 i 

4 

* 4 * 

4 * 

5 

8 

8 * 

9 

6* 

7 

7 i 

8 

8 

8 

1 

i 

ii 

ii 

if 

5 

6 

5 * 

6£ 

10 

11 

8i 

9 i 

8 

8 

1 

if 

ii 

7 

7 * 

12 

ioi 

12 

i 


8 

8 i 

1 3 i 


12 

l 

it 

9 

9 ^ 

i 4 i 

I2| 

12 

i 

it 

< 3. 

10 

io£ 

16 

14 

12 

1 

* 4 

*11 

11£ 

17 

15 

12 

1 

1 1 

12 

12$ 

18 

l 6 

16 

1 

it 

*13 

14 

* 9 i 

> 7 i 

16 

1 

2 

14 

15 

20 f 

18* 

16 

i£ 

2 

1 ^ 

l 6 

2 l| 

*9i 

16 

ii 

2i 

j 

16 

17 

22j 

20^ 

16 

ii 

2 i 

*17 

l8 

24 

2ii 

20 

it 

2i 

18 

19 

25 i 

23 

20 

ii 

■ 

2| 

_ O 

*19 

20 

26* 

24 

20 

ii 

2 8 

20 

21 

27! 

25 i 

20 

it 

2i 

21 

22 

29 

26* 

24 

ii 

2i 

*22 

23 

30 

27 * 

24 

ii 

2| 

*23 

24 

3 1 

28* 

24 

ii 

A 

2f 

O 

24 

25 

32I 

29 * 

24 

if 

2f 


* The Institution recommends that the use of these sizes be avoided. 

Thicknesses. The thicknesses given in this Table include a raised face of not more 

than -jV in. high if such be used. , • 1 

Bolt Holes. For £ in. and | in. bolts the diameters of the holes to be -jV in. larger 

than the diameters of the bolts, and for larger sizes of bolts \ in. Bolt holes to be 
drilled off centre lines. 
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Table R: Flanges for Pipes, Valves and Fittings 

For working Steam Pressures above 450 lb and up to 600 lb/in.* 


1 (a) 


Nominal 

Pipe 

Size 


Approxi¬ 

mate 

Outside 

Diameter 

of 

Wrought 

Pipe 


2 

3 

4 

5 

6 (h) 

7 





Thickness* 
of Flange 


Diameter 
of Flange 

Diameter 
of Bolt 
Circle 

1 

Number 
of Bolts 

Diameter 
of Bolts 

Cast Steel; 
Steel (Stamped) 
or Forged), 
Screwed or 
Riveted on with 
Boss, or Welded 
on with Fillet 

Diameter 

of 

Jointing 

Face 


in. 

in. 

in. 

in. 


in. 

in. 

in. 


ft 

4 * 

3 * 

4 


* 

2* 

1 

1 fa 

4 * 

3 * 

4 

* 

f 

2* 

1 

x fi 

5 

3 * 

4 

* 

i 

2f 



5 * 

3 f 

4 


l 

2* 


1 ft 

6 

4 i 

4 

* 

1 

3 

2 

2f 


5 

8 


1 

3 * 

2* 

3 

7 * 

5 i 

8 

* 

x i 

4 

3 

3 * 

8 

6f 

8 

t 

x * 

4 * 

3 * 

4 

9 

7 * 

8 

* 

x i 

5 

4 

4 * 

9 i 

7 * 

8 

* 

x t 

5 * 

4 * 

5 

10 

8* 

8 

i 

if 

6 

5 

5 i 

11 

9 * 

12 

* 

x t 

6f 

6 

6* 

12 

iof 

12 

* 

x * 

7 * 

7 

7 * 

x 3 * 

xx * 

12 

1 

x f 

8* 

8 

8* 

x 4 * 

I2f 

12 

1 

2 

9 * 

9 

9 $ 

16 

x 4 

16 

1 

2* 

IO* 

10 

1 of 

*7 

15 * 

16 

1 

2 * 

xx i 

11 

xx l 

*9 

x 7 

16 

x * 

2f 

12* 

12 • 

12£ 

20 

18 

16 

x i 

2f 

x 3 * 

13 

x 4 

2lf 

x 9 * 

16 

x * 

a* 

x 5 

14 

15 

23 

20* 

16 

x * 

2* 

16 

*5 

16 

24 

21* 

20 

x * 

2f 

x 7 

16 

*7 

25 * 

23 

20 

x * 

3 

t 

18 


♦These thicknesses include a raised face not more than fa in. high, 
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Table S: Steel Flanges for Pipes, Valves and Fittings 

For working steam pressures above 600 lb and up to 900 lb/in.» and temperatures 


in. 


* 

i 


li 

if 

2 

2* 

3 * 

4 * 

5 


7 

8 


9 

10 

fuf 

t!2* 

ti4* 

ti 5 i 


I 

1 (a) 

2 

3 

4 

5 

6 

7 

Nominal 

Pipe 

Size 

Actual 

Outside 

Diameter 

of 

Wrought 

Pipe 

Diameter 

of 

Flange 

Diameter 

of 

Bolt 

Circle 

l 

Number 

of 

Bolts 

Diameter 

of 

Bolts 

1 

Thick¬ 

ness 

of 

Flange* 

Diameter 

of 

Jointing 

Face 


in. 

fi 

i» 

i» 

2| 

3 

3 * 

4 

5 

5 * 

6 

7 

9 * 

io£ 

nf 

12I 

14 

15 

16 


17 

18 


in. 

5 

5 

5 i 

5 t 

6i 

6f 

7 i 

8 

9 i 

9 i 

io£ 

ni 

I2f 

* 4 i 

i6i 

i 7 i 

19 

21 

22| 

24 

25 i 

27 i 

29i 


in. 

3 i 

3 i 

4 

4 i 

4 i 

5 i 

5 i 

6* 

7 * 

8 

8i 

9 i 

ioi 

12I 

14 

» 5 i 

i6f 

18* 

20 

21 i 
22 | 

24 i 

26 


4 

4 

4 

4 

4 

8 

8 

8 

8 

8 

8 

12 

12 

12 

12 

16 

16 

16 

16 

16 

20 

20 

20 


in. 

* 

I 

i 

* 

i 

i 

1 

I 

I 


i 


i* 

ii 

if 

ii 

if 

if 

if 

if 

if 

if 


in. 


i 

f 


if 

ii 

ii 

ii 

if 

ii 

if 

if 

if 

2 

2 i 

2i 

2f 

2f 

3i 

3i 

3i 

3l 

4 

4i 


m. 

2 

2 

2i 

2i 

2i 

3 i 

3 * 

4 i 

4 f 

5 i 

5 i 

6i 

7 i 

8i 

9 i 

ioi 

n| 

12* 

13I 

i4l 

16 


17 

18 


* These thicknesses include a raised face not more than in. high, 
t The sizes shall be specified by the outside diameter dimensions given in column 
1 (a). The figures in column i (nominal bore) are “approximate and are given 

for information only. 



Table T: Steel Flanges for Pipes, Valves and Fittings 

For working steam pressures above 900 lb. and up to 1400 lb/in. a , and temperatures 

up to 8oo°F (427°C) 

Note. It is important that this Table be used only in conjunction with attendant 
Notes and Supplementary Table given in the Specification, the latter showing 
the permissible application of B.S. Flange Tables. 


I 

1 (a) 

2 

3 

4 

5 

6 

7 

Nominal 

Pipe 

Bore 

Max. 

outside 

Diameter 

of 

Wrought 

Pipe 

Diameter 

of 

Flange 

Diameter 

of 

Bolt 

Circle 

Number 

of 

Bolts 

Diameter 

of 

Bolts 

Thick- 

ness 

of 

Flange* 

Diameter 

of 

Jointing 

Face 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

i 


5 * 

4 

4 

i 

1 

2 i 

i 


5 * 

4 

4 

I 

1 

2 i 

1 



4 i 

4 

1 


2* 

li 


6* 

4 i 

4 

i 

ii 

2i 


2$ 

6J 

5 i 

8 

i 


3 

2 

3 

7 i 

5 i 

8 

* 

if 

3 * 

2* 

3 * 

8 

6* 

8 

i 

if 

4 * 

3 

4 

9 i 

7 * 

8 

1 

ii 

5 

3 * 

4 * 

10* 

8* 

8 


2* 

5 * 

4 

5 

ni 

9 i 

8 


2i 

6 

4 * 

5 * 

"i 

10 

12 

1 

2i 

6* 

5 

6* 

12^ 

ioi 

1 

12 

ii 

2| 

7 

6 

7 * 

* 4 i 

*2* 

12 

ii 

2* 

8 

7 

9 

l 7 

14 * 

12 

if 

3 i 

9 i 

8 

10* 

18* 

l6 

12 

1* 

3 * 

10* 

9 

n* 

20 

17 * 

16 

if 

3 i 

ni 

10 

12* 

1 

22 

* 9 i 

16 

1* 

4 i 

12J 


♦ These thicknesses include a face not more than ^ in. high. 
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APPENDIX 2 


STEAM TABLES 


These Tables are reproduced from 
“Abridged Callendar Steam Tables ” 
by permission of Messrs. Edward Arnold and Co., London 
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Properties of Saturated Steam in Foot-pound Fahrenheit Units 
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Properties of Saturated Steam in Foot-pound Centigrade Units 
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Accumulation, 152 
Acme threads, 61, 63, 65, 297 
Actuating screws, 52, 98, 306 
Adiabatic compression, 334 
Advantage, mechanical, 56, 297, 305, 

319 

Admiralty gunmetal, 370 
Aggregate area, minimum (safety 

valves), 150 
Air compressors, 334 

Alarm— _ 

“Crosby-Bemon,” 275, 276 
dual-beam, 268, 269 

“HilO,” 275 £ £ £ 

single-beam, 255, 260, 261, 262 
Alarms— 

boiler water level, 255 
external, 276 
Angle— 

lead, of thread, 298, 389 
of taper (cock plugs), 12 
Angles, wedge, 317, 3 * 9 * 32 1 
Anti-friction bearings, 119-21 
Anti-slamming devices, 215-8 
Area— 

centroid of, 311 

core, of B.S.W. and B.S.F. bolts, 309 
of discharge outlet (safety valves), 

*54 

of port, 19 

second moment of, 312 
Asbestos-packed cocks, 11, 12, 14 
Asbestos packing, 14 
“Audco” valve, 21-3 
Audley Engineering Co. Ltd., vii, 21 
Automatic safety devices for water- 
level gauges, 280 

Auxiliary stop valves or cocks for 
gauges, 285 
Axial force— 

to close valve, 36-44, 68, 300, 324 
torque to overcome (hydraulic 
valves), 305 

Axial thrust of worm, 387 

Back-pressure valves, 209 
Balanceweights for high-steam and low- 
water safety-valve floats, 199 
Baldwin strain gauge, 6 
Ball bearings, 390 
Ball float, forces operating on, 338 
Ball floats, weights of, 341-4 
Ball-thrust washers, 119 


Barking Power Station, 132 
Beam alarm— 
double, 268, 269 
single, 260-7 
Bearings— 

antifriction, 119-21 
ball, journal, 390 
Bell metal, 273 

Bell’s Asbestos & Engineering Ltd., vii 
Bends— 

cast iron, 380 
cast steel, 379 
Blow-down valves, 373 
Board of Trade, 4, 149, 152, 153, 155, 
159, *6* 

Bodies, globe valve, 48-51 
Body design (non-return valves), 219 
Boiler— 
accidents, 3 
blow-down cock, 15 
water level alarms, 255 
Boilers— 

constants for coal-fired, 152 
constants for oil-fired, 152 
Cornish, 202, 255 
Lancashire, 193, 202, 238, 255 
Marine, 275 
Bolt materials, 70 
Bolts— 

B.S.F., 309 
B.S.W., 309 
gland, 95-7 

Bourdon pressure gauge, 289-92 
Bramah pin, 213 
Bramah ring, 299 
Branch pieces, 374-7 
Brass, 78, 83, 107, 188 
Brinell hardness number (of seating 
materials), 36 
British— 

Engine Boiler and Electrical In¬ 
surance Co. Ltd., The, 4 
Standard lifting eyebolts, 224, 225 
Standards Institution, The, viii, 4, 
146, 149 

Bronze, 192, 370 
B.S.F. bolts and studs, 309 
B.S.W. bolts and studs, 309 
Buoyancy, moment of, 343 
Bypass— 

connexions, 92 
valves, 121, 122 
Bywell, E. M., Esq., viii, 136 
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Carbon-molybdenum steel, 370, 371 
Carbon steel, 83, 370, 371 
Casing, spring, 168, 160 
Cast— 

gearing, 386 
iron, 107, 314, 348, 373 
bends, 376, 385, 389 
straight pipes and bends, 380 
steel, 379 
bends, 379 

straight pipes and bends, 379 
Castings, steel, specifications for, 369-71 
Centroid of area, 311 
Chatter, valve, 138 
Check valves, 209 et seq. 

Cheeseweight, 178-81 
proportions of, 182-6 
Chemical plant, valves for, 374 
Chest thickness, 314, 315, 332, 356 
et seq. 

Clacks, 209—11 

Clamping force, 31, 68, 71, 301 
Cleaning plugs, 278 
Clearances, wing, 159 
Closure— 

forces (surplus valves), 253, 254 
tightness, conditions affecting, 297- 
3 ox 

Coal-fired boilers, constants for, 152 
Cockburn— 

Improved High-lift Safety Valve, 
155, 156, 158 
Parallel Slide Valve, 132 
Reducing Valve, 240, 243 
Cockburns, Ltd., viii 


Cocks— 

angle pattern, 9, 10 
area of port in, 19 
asbestos-packed, 11, 12, 14 
boiler blow-down, 15 
early, 2 

ground-plug, 8-11 
lubricated, 21-24 
sleeve-packed, 25, 26 
three-way, 9, 10 
two-way, 7, 8, 10-26 
Coefficient— 

of discharge, 247 

of friction, 58, 107, 301, 304, 305, 389 
Collar— 

friction, torque to overcome, 116-20 
spindle, dimensions of, 118 
Columns for gauges, 282-5 
Compound safety valves, 193-202 
Compression— 
adiabatic, 334 
isothermal, 334 

of springs, 161, 163, 164, 166, 167 
screws, 171-4 


Compressive stress in spindles, 76-8 
Compressors, air, 324. 

Conditions— 

affecting closure-tightness (hydraulic 
valves), 297-301 

governing fluid-tightness, 7, 20, 

3 °~ 4 > 58 , 67-73 

of tooth engagement (spur gears), 
382-4 

Connexions— 
bypass, 92 
faucet, 297 
soot-blower, 92 
Constants— 

for coal-fired boilers, 152 
for oil-fired boilers, 152 
Controllable check valve, 232 
Controlled discharge, 207, 208 
Convergent-divergent parallel slide 
valve, 132-4 
Copper grummets, 297 
Core area of B.S.W. and B.S.F. bolts, 
3°9 

Cornish boilers, 202, 255 
Corrugated joint ring, 72 
Cotters (safety valves), 161, 162 
Cotton fabric cup “leathers,” 340 
Counterpoise device (non-return 
valves), 215-18 

County of London Electricity Supply 
Co. Ltd., 132 
Cover— 

flange design (hydraulic valves), 

. 309- x 3 
joints, 67-74 

plates, 219-24, 309-13 
“Crosby-Bcrnon” alarm, 275, 276 
Crosby Valve and Engineering Co. 
Ltd., viii 

Crossheads, 84-7, 128-32 

Crowbars, use of, 297 

Cup leathers, frictional resistance of, 

339 > 340 
Curves— 

efficiency of screw threads, 59, 64 
for determination of width of seat 
annulus, 38-43 

Dashpot device, 215, 217, 218 
Deadweight— 

determination of, 204, 205 
safety valves, 135-8, 202-41 
Delta metal, 78 
Density of water, 262, 263 
Depth of immersion (floats), 262-8 
Design— 

of bodies (non-return valves), 21Q 
of chests— 

hydraulic stop valves, 314, 315 
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Design—( contd .) 

various, 356-77 
wedge-gate sluice valves, 332 
of cover flanges (hydraulic valves), 

309- 1 3 

of discs (parallel slide valves), 98-102 
of flat plates, 105 

of lever (lever safety valves), 192, 

*93 

of cock plugs, 16-20 
of springs, 161, 163, 164, 166, 167 
Determination— 
of axial force— 

parallel slide valves, 105-9 
screw-down stop valves, 36-44 
of cheeseweights, 181 
of chest thickness (hydraulic valves), 

314, 315 

of deadweight (deadweight safety 
valves), 204, 205 
of float balance weight, 199-201 
of reducing valve thoroughfare di¬ 
mensions, 244-8 
of width of seating annulus— 
curves for, 38-43 
parallel slide valves, 100-2 
of throat area (globe valves), 48-51 
Dewrance and Co. Ltd., viii 
Diameter of handwheel (wedge-gate 
sluice valves), 326 
Diaphragm— 

metallic, for reducing valves, 249-51 
rubber, for reducing valves, 249-51 
type reducing valves, 240-8 
Dimensions of spindle collar, 118 

Discharge— 

coefficient of, 247 
controlled, 207, 208 
outlet area of (safety valves), 154 
Discs, parallel slide valve, design of, 
98-102 

Double-beat valves, 251-4 
Double-reduction gearing, 386-92 
Draining arrangements for level gauges, 

2 79 

Driving force, tangential, 383 
Dual beam alarm, 268, 269 

Easing gear, 165, 175, 176 
Economizer safety valves, 155 
Edward Valve, Inc., Chicago, viii, 5 
Efficiency— 

curves, thread, 59, 64 
mechanical, 56-63, 109, 306, 385 
of worm, 388-91 

of square-threaded screws, 56-63 
of vee threads, 61-3, 306 
reversed, 60 

Elliptical chest sections, 356-63 



Engine and Boiler Insurance Co. Ltd., 
The, 4 

Equilibrium float valves, 334 et seq. 
Evolution of the safety valve, 135-7 
Experiments, Huddersfield Technical 
College, 69, 70 
External alarms, 275 
Eyebolts, British Standard lifting, 224, 

225 


Factor of safety, 373 
Faucet connexions, 297 
Feed check valves, 27, 231-7, 373 
Firebrick floats, vitrified, 255-9, 2 
Flanged joints for hydraulic pipelines, 

2 97 

Flanges— 

cover, design of (hydraulic valves), 

309-*3 

oval, 297 

tables of, 398-412 
Flat seatings, 30, 34, 37, 148 
Float— 

balance weights, determination of, 

199-201 
pan, 259 

valves, equilibrium, 334 et seq. 

Floats— 

ball, weights of, 342, 343 
metal, 201, 258, 259, 269, 270 
positioning of (alarms), 269-73 
vitrified firebrick, 255-9, 270 
Fluid-tightness, conditions governing, 
7, 20, 30-4, 58, 67-73 
Force— 

axial, to close valve, 36-44, 68, 300, 

3 2 4 

clamping, 31, 68, 71, 301 
on gland studs, 307-9 
operating on ball float, 337, 338 
Forces— 

acting on gate (sluice valves), 319-24 
unseating (reducing valves), 240 
Forgings, steel, 371, 372 
Foster, P. Field, Esq., 356 
Friction— 

coefficients of, 58, 107, 301, 304, 305, 

389 

journal, 390, 391 
moment of, 118, 305, 325, 390 
Frictional resistance— 
of cup leathers, 339, 340 
of “U” leathers, 302-5 
Fulcrum— 
bolt, 349 
pin, 345-51 

Full-lift safety valve, 150, 151, 155 
Fusible plug, 255 
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Gate, forces acting on (sluice valves), 

^ 319-24 

Gauges— 

pressure, 278, 289-92 
protectors for, 279-81 
reflex, 286-g 
water level, 278-89 
Gear— 

easing (safety valves), 165, 175, 176 
operated valves, 232-4, 329, 332, 333, 
38I-96 
Gearing— 

cast, 386 • 

double-reduction, 386 

for manually operated valves, 381-96 
reduction, 329, 332, 381-96 
spur-and-bevel, 386, 387 
spur-and-worm, 386, 387 
Gland— 

bolts or studs, 307-9 
packings, 92-5 
resistance, 302—5 
Glands, 92—7 

Glass tubes for water level gauges, 
279, 280 
Globe- 

valve bodies, 48—51 
valves, 27, 357, 358 
Ground-plug cocks, 8-11 
Grummet, copper, 297 
Guard, locking, 14, 15 
Gunmetal, 78, 83, in, 189, 192, 302, 
314, 348, 349 

Hackworth, Timothy, Esq., 136 
Handles, operating, for water level 
gauges, 278, 279 
Handwheels— 

diameter of (wedge-gate sluice 
valves), 326 
valve, 87-90, 326 

Hardness number, Brinell, of seatings, 

36 

Hat leather, 299 

Hemispherical valve members, 30, 31 
High-lift safety valves, 147, 150, 151, 

! 55"9 

High-steam and low-water safety valve, 
193-202, 227 
balance weights for, 199 
“Hilo” alarm, 275 
Hopkinson-Ferranti valve, 134 
Hopkinsons “Hylif” safety valve, 157, 
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Hopkinsons Ltd., viii, 89-92, 157, 159, 
226, 227 
Hydraulic— 

pipelines, flanged joints for, 297 
stop valves, 297 et seq. 


Hylif” safety valve, Hopkinsons, 157, 
159 

Hypreseal” lubricated plug valve, 
21-3 

Immersion, depth of (water level 
alarms), 262-8 

Indian Boiler Formulae, 376, 377 
Indurated asbestos packing, 14 
Inertia, moment of, 312 
Initial compression (springs), 161-4, 
166, 167 

Inside screw pattern valves, 29 
Iron— 

cast, 314, 348, 373, 376, 385, 389 
castings, 372, 373 
Isolating valves, 226-30 
Isothermal compression, 334 

Joint— 

cover, 67-74 
rings, corrugated, 72 
Joints— 

flanged, for hydraulic pipelines, 297 
sandwich, 67—73 
spigoted, 71-3 
Journal— 

ball bearings, 390 
friction, 390, 391 

Junction stop valves, 27-9, 89-92, 

358 , 359 

Keys, keyways and keyseats, 81-4 
Keys, Woodruff, 83 
Klinger, Richard & Go. Ltd., viii 
Klinger sleeve-packed cock, 25, 26 
Knife-edged seatings, 141-4, 147 

Lamp’s formulae, 376 
Lancashire boilers, 193, 202, 238, 255 
Lead angle of thread, 298, 389 
Leathers— 

cup, frictional resistance of, 339, 340 
hat, 299 

“U,” frictional resistance of, 302-5 
Legend— 

for feed check valves, 237 
for safety valves, 165, 167 
Length of thread engagement (actu¬ 
ating screws), 78-80, 122-4 
Level alarms, boiler water, 255, et seq. 
Level gauges, water, 278-89 
Lever— 

design of, 192, 193 
safety valve pins, 186, 188 
safety valves, 135, 136, 178-93 
Lever-and-weight type reducing valves, 
239, 240 
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Lifting— 

arrangements, 224 
eyebolts, British Standard, 224, 225 
Limiting pressure (water level alarms), 
264 

Liverpool and Manchester Railway, 137 

Lloyds, 159 f . 

Locking guard (blow-off valves), 14, 15 
Locomotives, safety valves for, 178 
Louvres, safety valve, 178 
Lubricated cocks, 21-4 
Lubricated plug valves, 21 -3 
Lubrication, 79, 80, 121, 389 


Make-up water, 335 
Manganese— 
brass, 370 

bronze, 78, 188, 339, 346 
Manually-operated valves, gearing lor, 

381, et seq. 

Marine boilers, 275 
Mechanical— 

advantage, 56, 297, 305, 319 
efficiency, 56-63, 109, 306, 385 
Mechanics of the actuating screw 
(hydraulic valves), 306 
Metal floats, 201, 258, 259, 269, 270 
Metallic diaphragms, 249, 251 
Mild steel, 78, in, 126, 192, 348, 389 

steam pipes, 377~9 , „ , 

Minimum aggregate area (safety valves), 


150 

Mitred seatings, 29-34 
Modulus, polar— 

of circular section shafts, 83 
of square section shafts, 80 
Molybdenum, 370, 371 
Moment— 

of area, second, 312 
of buoyancy, 344 
of friction, 118, 305, 325, 390 
of inertia, 312 

“Monel” metal, 36, 78, 107, 108, 111, 

188, 339, 34 6 > 349 
Multi-way flow, 9, 10 
Museum, Railway, York, viii, 136 


National Boiler and General In¬ 
surance Go. Ltd., viii 
Newman, Hender & Co. Ltd., viii, 21 
Newman-Milliken valve, 21-4 

Nickel, 370 

bronze, 78, 370 
chrome steel, 78, 83 
Non-circular chests, 356, 357, 359-66 
Non-return valves, 209-37 
Nordstrom, S. J., 21 


Oilbath, 389 

Oil-fired boilers, constants for, 152 


One-piece spindle, 75, 7 6 
Open-discharge safety valves, 178-93 
Operating handles for water level 
gauges, 278, 279 

Ordinary safety valves, 150, 151, 105 
Oval flanges, 297 

Packing— 
asbestos, 14 
indurated, 14 
Packings, gland, 92-5 
Pan, float, 259 
Parallel slide— 

valve seatings, types of, 98-105 
valves, 98 et seq . 

“Patentee” (Locomotive), 137 
Peet’s valve, 357 
Pegged-in seatings, 331 
Penstocks, 357 

Phosphor-bronze, 83, 111, 188, 192, 
339, 346 

Pieces, branch, 374-7 

Pillars, 71, 72, 124-6 

Pin, Bramah, 213 

Pins, lever safety valve, 186, 188 

Pipes and bends, cast steel, 379 

Plates— 

cover, 219-24, 309-13 
reaction, 153, 154 

Plateweights for deadweight safety 
valves, 204-6 
“Platnam,” 92, 134 
Plug- 

design, 16-19 
fusible, 255 
Plugs— 

cleaning, 278 

safety, for water level gauges, 278 
Polar modulus— 

of circular section shafts, 83 
of square section shafts, 80 
Poppet type valve member, 214 
“Pop” safety valve, 177, 178 
Port area (cocks), 19 
Port width, 16-20 

Positioning of floats (alarms), 269-73 
Pounder, G. C., Esq., 105 
Pressed-in seatings, 331 
Pressure gauge, Bourdon, 289-92 
Pressure gauges, 278, 289-92 
Priming, 255 

Principle of the wedge, 316, 317, 319 
Properties of spindle sections, 112-14 
Proportions— 

of cheeseweights, 182-6 
of stuffing boxes, 92-7 
of waste steam passages, 154, 155 
Protectors for gauges, 279-81 

Quasi-elliptical chest sections, 359 
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Radiused seatings, 30, 31 
Railway Museum, York, viii, 136 
Ramsbottom safety valve, 176-8 
Rankine-Gordon Formula, 110—14 
Ratio, velocity, 53, 56, 305, 306 
Reaction plate, 153, 154 
Rectangular chest sections, 357, 359, 

3 6 4 > 366 

Rectangular section springs, 163—7 

Reducing valves, 238-48 
diaphragm type, 240-8 
Reduction gearing, 329, 332, 333, 
38 I-96 

single spur, 382-6 
spur-and-bevel, 386, 387 
spur-and-worm, 386, 387 
Reflex gauges, 286-9 
Reflux valves, 209-11, 356 
Relief valves, 135-208 
Renewable seating rings, 331 
Requisite deadweight (deadweight 
safety valves), 204-6 
Resistance— 

frictional, of “U” leathers, 302—5 
gland, 302-5 
Retention valves, 209 
Reversed efficiency (screws), 60 
Ribbing, 330 
Ring— 

Bramah, 299 
S.E.A., 303, 304 
Rings, renewable seating, 331 
Roman Cock, 2 

Ross “Pop” safety valve, 177, 178 
Ross, R. L. & Co. Ltd., viii 
Rotate spindle, 91, 92 
Round section springs, 163-7 
“Royal George” engine, 136 
Rubber diaphragms, 249-51 

Safety— 

and relief valves, 135-208 
devices, automatic, for water level 
gauges, 280 
factor of, 373 

plugs for water level gauges, 278 
valve— 

chests, 168, 169 
Ramsbottom, 176—8 
Ross “Pop,” 178 
seatings, 138-41 
valves— 

compound, 193-202 
deadweight, 135-8, 202—8 
economizer, 155 
full-lift, 150, 151, 155 
high-lift, 147, 150, 151, 155-9 
high-steam and low-water, 193- 
202, 227 


Safety valves—( conld .) 

lever, , 35> , 3 6, , 78-93 

ordinary, 150, 151, 165 
spring, 135-78 
Sandwich joint, 67-73 
Saturated steam, 244 
Scottish Boiler and General Insurance 
Co. Ltd., The, 4 
Screw-down— 


non-return valves, 214, 215, 228-30 
stop valves, 27 et seq., 67 et seq. 

Screws— 

actuating, 52, 98, 306 
compression, 171-4 
Scum valves, 374 
S.E.A. Ring, 303, 304 
Seating— 

Brinell hardness number of, 36 
face width, determination of (parallel 
slide valves), 100-2 
pegged-in, 331 
pressed-in, 330, 331 
renewable, 331 

radiused, 30—1 

valve, 29-43, 138—41, 212-14 
Separator, steam, 239 
Single beam alarm, 255, 260-2 
Single beat valve, 249 
Single spur reduction gearing, 382-6 
Siphon, 292-6 
Sleeve-packed cocks, 25, 26 
Sluice valve, wedge-gate, 316-33, 3*7 
Soot-blower connexions, 92 
Specifications for steel castings, 369-71 
Specific heat of steam, 246 
Specific volume of steam, 244-8 
Spigoted joints, 71-3 
Spindle— 

design, 160, 161, 327, 328 
collar dimensions, 118 
end attachment, 80-4 
one-piece, 75, 76 
sections, properties of, 112-14 
two-piece, 75 
Spindles, valve, 75-8, 186 
Spring balance type safety valve, 135-7 
Spring-between-disc mechanism, 98- 
102 

Spring— 

casing, 168, 169 
design, 163-4, 166, 167 
Springs— 

rectangular section, 161, 163-7 
round section, 163-7 
square section, 163-7 
Spur-and-bevel reduction gearing, 386, 

387 
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Spur-and-worm reduction gearing, 386, 

387 

Square— 

section springs, 163-7 
threaded screws, efficiency of, 56-63 
threads, 56-63, 65, 66, 297 
Stainless steel, 78, 111 
Static irreversibility of screw threads, 

59, 61 

Steam Boiler Assurance Co., The, 4 
Steam— 

separator, 239 
specific heat of, 246 
tables, 414-21 
Steampipes— 
steel, 377-80 
velocity in, 244 
Steel bends, cast, 379 
Steel, 83, 107 

carbon, 83, 370, 371 
carbon-molybdenum, 370, 371 

cast, 369-71, 379 . r _ 
castings, specifications for, 309-71 

forgings, 371, 372 
nickel-chrome, 78, 83 
Stephenson, Robert & Co., 137 
Stockton and Darlington Railway, 
136 

Stop member (parallel slide valves), 
126-8 

Stop valves— 

globe, 27, 357, 358 
hydraulic, 297-315 
junction, 27-9, 89-92, 358, 359 
screw down, 27-97, 89-91 
Straight pipes and bends— 
cast steel, 379 
iron, 380 

Strain gauge, Baldwin, 6 
Stress, permissible unit surface (seat- 
ings), 36-44 
Stresses— 

in worm shaft, 393-5 
permissible working (chests), 369-80 
Studs, B.S.F. and B.S.W., 309 
Stuffing box and gland, 92-7, 132, 

332 

Stuffing boxes, proportions of, 92-7 
“Subsequent’* deflexion (springs), 163 
Superheated steam, 244-7 
Surface stress on seatings, 37-44 
Surplus valves, 238, 248 et seq. 

closure forces in, 253, 254 
Swift, Prof. H. W., 356, 358 

Tangential— 
driving force, 383 
effort to effect closure, 56 
Taylor’s ring, 72 
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Thickness of chest, 314* * 3 T 5 > 33 2 > 
356-77 

determination of (hydraulic valves), 

3 * 4 > 3*5 
Thread— 

engagement, length of, 78-80, 122-4 
lead angle of, 298, 389 
Threads— 

Acme, 61, 63, 65, 297 
square, 52-63, 65, 66, 297 
vee, 61-4, 298 
Whitworth, 298 
Three-way cocks, 9, 10 
Throat area, determination of (globe 
valves), 48-51 
Throttling, 239 
Thrust— 

axial, of worm, 387 
bearings, ball, 390 
washers, ball, 119 

Tooth engagement, conditions of, 
382-4 
Torque— 

imparted by worm, 395 
to effect closure, 63-6, 109, 305-7, 
324-6 

to overcome axial force (hydraulic 
valves), 305 

to overcome collar friction, 116-20 
“Triad” junction stop valve, 89-92 
Trist, Ronald & Co. Ltd., viii, 276, 303 
Tubes, glass, for water level gauges, 
279, 280 

Two-bolt flanges, 297, 298 
Two-piece spindle, 75, 76 
Types of floats, 257, 258 

“U” leathers, frictional resistance of, 

302-5 

Unit surface stress on seatings, 36-44 
Unseating forces (reducing valves), 240 
Use of crowbars, 297 
Use of wheel spanners, 297 

Valve— 

actuating screw, 52, 98, 306 
bodies, 48-51 
chatter, 138 
chests, 356-80 

seatings, 29-43, 138-4U 212-14 
spindles, 75-8, 186 
Valves— 

back-pressure, 209 
blow-down, 373 
bypass, 121, 122 
check, 209 

controllable check, 232 
deadweight safety, 135-8, 202-8 
double-beat, 251-4 



430 


THE DESIGN OF VALVES AND FITTINGS 


V alves—( contd .) 

equilibrium float, 334-56 
for chemical plant, 374 
feed check, 27, 231-7, 373 
gear operated, 232-4, 329, 332, 333, 
381-96 

globe stop, 27, 357, 358 
high-steam and low-water safety, 
193-202, 227 
hydraulic stop, 297-315 
isolating, 226—30 

junction stop, 27-9, 89-92, 358, 359 
lever safety, 135, 136, 178-93 
non-return, 209-37 
parallel slide, 98 et seq. 

Peet’s, 357 

“Pop” safety, 177, 178 
Ramsbottom safety, 176-8 
reducing, 238-48 
reflux, 209—11, 356 
retention, 209 
safety and relief, 135-208 
screw-down— 

non-return, 214, 215, 228-30 
stop, 27 et seq. 
scum, 373 
single-beat, 249 
surplus, 238, 248 et seq. 
wedge-gate sluice, 313-33, 357 
whistle, 257 

Vee threads, efficiency of, 61-3, 306 
Velocity of steam in pipes, 244 
Velocity ratio, 53, 56, 305, 306 
Vitrified fire-brick floats, 255-9, 2 7 ° 


Volume, specific, of steam, 244-8 

Waste steam passage, proportions of, 

XA7 I 54 » 155 
Water— 

density of, 262, 263 
gauge columns, 282-5 
level alarms— 
boiler, 255 
gauges, 278-89 

Wedge angles (wedge-gate sluice 
valves), 317, 319, 321 
Wedge-gate, 330, 331 

sluice valves, 316 et seq., 357 
Wedge-nut, 328 

Wedge, principles of, 316, 317, 319 
Weights of ball-floats, 342, 343 
Wheel spanners, use of, 207 
Whistle valve, 257 
Whitworth threads, 208 
Width— 

of port, 16-20 

of seating face, 37-44, 100-2 
Wing clearances, 159 
Woodruff key, 83 

Working stress, permissible, for chests, 
369-80 
Worm— 

axial thrust of, 387 
efficiency of, 388-91 
reduction gearing, 387, 396 
shaft, stresses in, 393-5 
torque imparted by, 395 
Wrought-iron steam pipes, 377-9 
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